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EXAMINING THE ISSUE OF COMPLIANCE WITH PERSONAL PROTECTIVE 
EQUIPMENT AMONG WASTEWATER WORKERS ACROSS THE SOUTHEAST REGION 
OF THE UNITED STATES 
 
by  
TAMARA WRIGHT 
(Under the Direction of Atin Adhikari) 
ABSTRACT 
Wastewater workers are exposed to different occupational hazards such as chemicals, gases, 
viruses, and bacteria. Personal Protective Equipment (PPE) is a significant factor that can reduce 
or increase the probability of an accident from hazardous exposures to chemicals and microbial 
contaminants. The purpose of this study was to identify wastewater worker’s beliefs and 
practices on wearing PPE and protections offered by PPE through the integration of the Health 
Belief Model (HBM). Participants were workers in the wastewater industry, which included 
wastewater operators, laboratory analysts, maintenance workers, wastewater collection workers, 
equipment operators, managers, and supervisors (n=272).  The instrument was a self-
administered survey that assessed the participants’ demographics, knowledge, and compliance 
with wearing PPE. The internal consistency and reliability of the summarized scales in the 
survey instrument were determined by Cronbach’s alpha statistical analysis. Descriptive 
statistical analysis was conducted to present frequency distributions of participants’ knowledge, 
and compliance with wearing PPE. Simple and multiple linear regression models were applied to 
determine the association of predictors of interest with PPE compliance. The summary of 
findings from this study include: 1) Perceived susceptibility and perceived severity were 
positively associated with PPE compliance; this association was statistically significant (p<0.05) 
indicating that compliance with PPE regulations will increase as perceived susceptibility and
 
 
 
 
 perceived severity increases, and 2) Perceived severity was also positively and significantly 
associated with PPE compliance after controlling for confounding factors (p<0.05), such as 
knowledge level and experience. This study demonstrated that there is a great need for PPE 
compliance education and interventions in the wastewater industry. Educational interventions 
and safety trainings should utilize the HBM to increase PPE compliance. Additionally, focusing 
on a Health in All Policies approach through the implementation of an Occupational Safety and 
Health Monitoring Systems (OSHMS) and a public health surveillance program would be highly 
effective to mitigate the risks that are associated with working in the wastewater industry. 
 
INDEX WORDS: Personal protective equipment (PPE), PPE compliance, Wastewater, 
Wastewater workers, Public health, Occupational exposures, Occupational Safety and Health 
Association (OSHA), Occupational Safety and Health Monitoring Systems (OSHMS), PPE 
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FOREWORD 
This dissertation stemmed from my own experiences of working in the wastewater 
industry throughout the last six years. There were so many days that I witnessed my fellow co-
workers and I practicing unsafe activities, when I knew we had the knowledge, training, and the 
skill to be safer employees. As I was thinking of a dissertation topic, the topic that continued to 
resonate in my mind was the occupational hazards that wastewater workers encounter, and how 
personal protective equipment is the last level of protection that is necessary to minimize 
exposure to these hazards.  
 I believe the wastewater industry is an industry that is very much neglected, but the 
safety of the workers is also neglected as well. This project was undertaken to shed some 
knowledge about occupational exposures that workers endure from working in the wastewater 
industry, as well as emphasizing the importance of wearing personal protective equipment when 
working in the wastewater industry.   
This dissertation should be of interest to high-level decisions makers, in the Occupational 
Health and Safety Administration specifically, but also in other large private and public 
organizations. It should also be of interest to scholars who would like to conduct further research 
on this topic, as well as assess the development of occupational illnesses in the wastewater 
industry. 
 The people involved in this research were a major contribution to this project. I would 
like to thank all the respondents used in this research, because without their cooperation, I would 
not have been able to conduct this research.  
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CHAPTER 1. 
BACKGROUND AND SIGNIFICANCE 
Introduction 
The wastewater industry involves disposing of and recycling wastewater to ensure the 
environment is free of sanitary and industrial sewage. Similarly, it is a complicated process to 
convert the wastewater from drains and sewers into a form that is safe to release into the 
environment (Bureau of Labor Statistics, 2017).   
The people who remove the pollutants from domestic and industrial wastewaters are known 
as wastewater treatment plant operators. Water and wastewater treatment plant and system 
operators held about 119,200 jobs in 2016 in the US and the employment of wastewater workers 
is still in high demand, due to many operators retiring in the next decade (Bureau of Labor 
Statistics, 2017). As the occupation continues to grow, the occupational hazards that the workers 
are exposed to continue to be an issue within the industry. Water and waste treatment plant and 
system operators have a higher rate of injuries and illnesses than the national average because of 
hazardous conditions, such as slippery walkways, the presence of dangerous gases, and 
malfunctioning equipment (Bureau of Labor Statistics, 2017). In addition, they are likely to be 
exposed to hazardous chemicals, biological, and physical agents (Thorn et al., 2002). To decrease 
the exposure to the different occupational hazards comprised in this industry, it is imperative that 
wastewater workers comply with PPE regulations that are stated by the Occupational Safety and 
Health Administration under the General Industry (29 CFR 1910) mandate. 
Statement of the Problem 
An injury or illness is considered by the Occupational Safety and Health Administration 
to be work-related if an event or exposure in the work environment either caused or contributed 
to the resulting condition or significantly aggravated a pre-existing condition (Bureau of Labor 
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Statistics, 2017). Any disease that occurs at the early stage as a result of exposure to occupational 
risk factors is an occupational disease (Davoodi et al. 2017).  These occupational exposures 
include physical hazards (i.e., excessive noise levels, musculoskeletal injuries, burns by hot 
vapors, discomfort and physiological problems), chemical hazards (i.e., exposure to chlorine, 
ammonia, and sodium bisulfite), and biological hazards (i.e., blood-borne pathogens and vector-
borne diseases) (Hansen et al., 2003; Albatanony et al., 2011).  
An analysis by the International Occupational Safety and Health Information Centre 
(CIS) found that wastewater treatment operators encounter no fewer than fifteen accident 
hazards, three physical hazards, four chemical hazards, three biological hazards, and three 
ergonomic and psychosocial hazards in the course of their daily duties (Malakahmad et al., 
2012). Wastewater workers are exposed to different types of dusts, bioaerosols, fumes, and gases 
such as methane, hydrogen sulfide, and sulfur dioxide. These contribute towards oxidative stress 
and detrimental effects on various body functions (Shadab et al., 2014). Wastewater workers also 
have an increased risk of cardiovascular degeneration, musculoskeletal disorders like 
osteoarthritic changes and intervertebral disc herniation, infections like hepatitis, leptospirosis, 
and Helicobacter, skin problems, respiratory system problems (i.e., anoxia and asphyxia) and 
altered pulmonary function parameters (Tiwari, 2008). An increased risk for developing airway 
symptoms (as chronic bronchitis and toxic pneumonitis), central nervous system symptoms 
(headaches and tiredness), acute non-specific self-limited gastrointestinal symptoms (jaundice 
and abdominal pain), and eye irritation symptoms (conjunctivitis) (Albatanony & El-Shafie, 
2011) have also been reported among these workers in previous studies.  Several studies have 
proven that exposure to these different occupational hazards causes short-term and long-term 
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effects that include: abdominal pain, diarrhea, joint pains, airway symptoms, (Thorn et al., 2002) 
tuberculosis, laryngeal cancer, and nasal cancer (Hansen et al., 2003).  
Wastewater workers are also exposed to a wide variety of respiratory diseases along with 
bacterial and viral diseases. Exposure to sewage involves potential intake of pathogens, toxins, 
and industrial wastes (Hansen et al., 2003). The microbial agents include: Gram-negative bacilli 
such as Klebsiella spp., and Escherichia coli, Clostridium perfringens, fecal streptococci, 
Leptospira spp., hepatitis virus, enterovirus, Ebola virus (Bibby et al., 2015), and fungi like 
Aspergillus spp. (Hansen et al., 2003). 
Personal Protective Equipment (PPE) is a significant factor that can reduce the 
probability of an accident from hazardous exposures to chemical, biological, and physical agents.  
Often overlooked and generally considered to be only a minor player in the overall site safety, 
PPE can be a significant determinant of accident and safety (Farooqui, 2009). PPE is required in 
many important and dangerous occupations, including the wastewater industry. NIOSH (2017) 
reported that it is estimated that 20 million workers regularly use PPE to protect them from job 
hazards. The Occupational Safety and Health Administration (OSHA) has standards for 
industries to follow regarding PPE which they mandate under General Industry (29 CFR 1910). 
OSHA also has specific requirements for each personal protective equipment that are outlined in 
the standards 29 CFR 1910 as follows: Ventilation (1910.94), Occupational noise exposure 
(1910.95), Hazardous waste operations and emergency response (1910.120), Personal protective 
equipment (1910.132), Eye and face protection (1910.133), Respiratory protection (1910.134), 
Head protection (1910.135), Foot protection (1910.136), Electrical protective equipment 
(1910.137), and Hand protection (1910.138) (Occupational Safety and Health Administration, 
2016) (see Appendix A; Figure 2).  
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When elimination, substitution and engineering controls do not work, and if work 
practices and administrative controls are not feasible or do not provide adequate protection, 
employers must provide their employees with personal protective equipment and ensure that they 
are using the equipment appropriately (Occupational Safety and Health Administration, 2004). In 
the wastewater industry, most companies mandate that employees wear safety glasses, steel toe 
boots, and gloves as their standard PPE while they are at work. OSHA does not mandate specific 
regulations for this industry, but the wastewater industry is expected to follow the regulations for 
General Industry as they pertain to safety in the workplace. For example, Eye and Face 
Protection (1910.133a) mandates that “The employer shall ensure that each affected employee 
uses appropriate eye or face protection when exposed to eye or face hazards from flying 
particles, molten metal, liquid chemicals, acids or caustic liquids, chemical gases or vapors, or 
potentially injurious light radiation” (Occupational Safety and Health Administration, 2016). 
Companies using PPE articles typically have the responsibility for ensuring compliance with the 
appropriate rules, regulations, recommendations, and certifications (Holler et al., 2008). 
Facilities are sometimes allowed to determine their own predetermined criteria based on the 
particulars of their work environment, PPE article, and the pertinent rules and regulations that 
govern the former (Holler et al., 2008). Companies enforce PPE through regulations made by the 
Environmental Health and Safety Director, and it is the responsibility of the managers to ensure 
that employees follow these guidelines. For example, if an employee is handling chemicals, the 
manager should ensure that the employee has on the proper PPE (safety goggles, gloves, boots) 
and has read the Safety Data Sheet before handling the chemical.  
Improvements and changes in the personal protective equipment technologies are realized 
in the form of standards and regulations, revisions, and alterations to existing standards, 
14 
 
 
 
subsequent availability of PPE complying with the standards and regulations, and demonstrations 
of PPE use by the workers (NIOSH, 2017). For most environmental, health and safety 
professionals, the compliance definition means ‘the act of being in accordance with established 
standards, guidelines, or legislation’ (Calhoun, 2012). As in healthcare settings, compliance is 
the extent to which certain behavior is in accordance with the physicians’ instructions or 
healthcare advice (Efstathiou et al., 2011). The range of factors that impact PPE-use related 
behaviors and compliance were organized in the 2008 Institute of Medicine (IOM) report and in 
other studies into three categories: 1) individual factors (i.e., knowledge, beliefs, attitudes, 
perception of risk, history, and socio-demographics)  and 2) organizational factors (i.e., 
availability of equipment,, management’s expectations and performance feedback, workplace 
policies, and training and education programs) (Larson, & Liverman, 2011).  
To explain and understand the factors that influence an individual’s compliance with 
specific guidelines, which consequently may contribute to the adoption of certain behavior, a 
number of conceptual models or theories have been developed (Efstathiou et al., 2011). One of 
the most widely used theoretical models to examine PPE compliance is the Health Belief Model 
(HBM) (Arcury et al., 2002; Efstathiou et al., 2011; Sim et al., 2014), and this model will aid in 
the development of this research. 
Purpose Statement 
The purpose of this study is to identify wastewater worker’s beliefs and practices on 
wearing PPE and protections offered by PPE through the integration of the Health Belief Model. 
Aims of the Study 
Wastewater workers at different wastewater plants in the Southeast region of the United 
States were examined to determine the use or improper use of PPE in different exposure areas. 
15 
 
 
 
The long-term goal of this research is to identify the barriers that effect PPE compliance among 
wastewater workers in the Southeast Region of the United States. The central hypothesis 
motivating this research is: Do individual and organizational factors influence wastewater 
worker’s beliefs and practices on wearing personal protective equipment? 
Aim 1: Determine the occupational safety and health hazards in the wastewater industry. 
Wastewater workers are exposed to various chemical, biological, and physical, 
occupational hazards.  Apart from the social atrocities that these workers face, they are exposed 
to specific health problems by virtue of their occupation (Tiwari, 2008). A list was formed 
through observation and literature reviews to determine the different occupational hazards in the 
wastewater industry. 
Aim 2: Identify the knowledge and barriers that influence the use of PPE in wastewater workers.  
There are barriers such as knowledge, beliefs, attitudes, the perception of risk, history, 
socio-demographics, availability of equipment, management’s expectations and performance 
feedback that influence compliance with PPE. For this research, a cross-sectional survey has 
been administered to address these barriers.  
Aim 3: Identify how leadership impacts these barriers and promotes the use of PPE.  
Within this industry, there are PPE regulations that are explained to each employee, in 
which they are expected to abide by. Some employees do not comply with wearing PPE because 
their managers do not implement its use, or they have not been appropriately trained on the use 
and need for PPE. Effective leaders can influence and convince employees on the importance of 
using PPE to reduce their exposure to occupational hazards. 
 
 
16 
 
 
 
Significance of the Study 
Current studies have examined the non-compliance of PPE in healthcare workers (i.e., 
nurses, physicians, interns) (Efstathiou et al., 2011; McGaw et al., 2012; Parmeggiani et al., 
2010), construction workers (Farooqui, 2009), farmworkers (Verma et al., 2011; Jallow et al., 
2017), and workers in the military (Wall, 2009). Data is not readily available for the percentage 
of wastewater workers’ mortality and the percentage of occupational hazards that are developed 
from working in the wastewater industry. The information gained from this study will allow 
occupational health and safety leaders and policy makers to understand the importance of 
enforcing PPE compliance among wastewater workers, along with addressing the need to 
develop surveillance programs for occupational illnesses contracted from working in the 
wastewater industry.  
Research Questions 
1) To what extent do wastewater workers routinely wear personal protective equipment in their 
daily operations? 
2) To what extent are wastewater workers knowledgeable of the occupational hazards that they 
are exposed to in their daily operations?  
3) What are the perceived benefits and barriers identified by wastewater workers regarding 
wearing PPE? 
4) To what extent do wastewater workers have self-efficacy of PPE compliance? 
5) How does management impact PPE compliance? 
6) Is there a significant relationship between PPE compliance and perceived susceptibility and 
perceived severity of contracting an occupational illness among wastewater workers? 
7) How do cues to action correlate with PPE compliance among wastewater workers? 
17 
 
 
 
8) How do individual factors (i.e., knowledge level, years of experience) affect the relationship 
between PPE compliance and perceived susceptibility and perceived severity of contracting 
an occupational illness among wastewater workers? 
Delimitations 
1) The study population was selected through convenience and availability, which may result in 
a small sample size in comparison to the number of wastewater workers in the Southeast. 
2) The study population consisted of workers from different wastewater facilities located 
throughout the Southeast where personal protective equipment is required by the U.S. 
Department of Labor and Occupational Safety and Health Association. 
3) Only workers who worked at a wastewater facility was used in this research.  
Assumptions 
1) Participants were aware of their own practices regarding wearing personal protective 
equipment. 
2) The instrument was an appropriate assessment for wastewater workers. 
3) The participants provided honest responses to the instrument questions.  
Definition of Terms 
● Administrative Assistant - A person who provides secretarial and administrative duties to 
assist in the daily operations of the wastewater treatment facility.  
● Biosolids Coordinator - A person who plans and organizes the operation and maintenance of 
the sludge dewatering facilities at the wastewater treatment plant. 
● Dewatering/Dryer Technician - A person who is responsible for removing solids from 
wastewater through operating a wide range of machinery.  
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● Effluent – Wastewater, treated or untreated, that flows out of a treatment plant, sewer, or 
industrial outfall into surface waters.  
● Environmental/Industrial Compliance Specialist - A person who inspects waste disposal and 
sewage treatment facilities to ensure these facilities conform to health and safety regulations. 
● Equipment Operator - A person who operates heavy equipment and machinery to assist in the 
maintenance and repair of sewer lines.  
● Health Belief Model (HBM) – A psychological model developed by Godfrey Hochbaum, 
Stephen Kegels and Irwin Rosenstock, which was used to predict health and behaviors. 
● Industrial Pretreatment Technician - A person who conducts inspections of industrial 
pretreatment facilities to ensure protection of the environment and compliance with general 
and categorical pretreatment regulations. 
● Influent – Water or other raw liquid that is flowing into a reservoir, basin, treatment process 
or treatment plant.  
● Instrumentation Technician - A person who records and control instruments, (such as 
pressure, flow meters and control devices) and repairs and adjusts instruments in wastewater 
process control systems. 
● Laboratory Analyst License - A person who has had 27 hours of basic wastewater laboratory 
courses and 3 months of experience.  
● Maintenance Technologist License Level 1- A person who has a Level 2 Maintenance 
Technologist certificate, 2 years of hands-on experience, and 8 hours of approved 
maintenance courses.  
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● Maintenance Technologist License Level 2 - A person who has a Level 3 Maintenance 
Technologist certificate, 1 year of hands-on experience, and 16 hours of approved 
maintenance courses.  
● Maintenance Technologist License Level 3- A person who has had 3 months of hands-on 
experience and 24 hours of basic maintenance technologist coursework. 
● Meter Technician - A person who installs, tests, replace and repairs meters and backflow 
prevention devices.  
● Natural Gas Technician - A person who assists in the repair, replacement, and installation of 
gas utility lines, meters, outlets and regulators.  
● Personal Protective Equipment (PPE) – Equipment worn to minimize exposure to 
occupational hazards. 
● Safety Manager/Specialist - A person who ensures a safe workplace by planning and 
executing safe practices by preventative measures, training, and educating employees as 
required by local law, compliance, and best practices in the industry. 
● Stormwater Technician - A person that performs annual inspections of all stormwater 
treatment and flow control facilities.  
● Utility Locator - A person who is responsible for pinpointing the paths of cables, pipes and 
other conduits that carry utilities underground.  
● Wastewater – Water carrying wastes from homes, businesses, and industries that is a mixture 
of water and dissolved or suspended solids. 
● Wastewater Class 1 or A License - A person who has a Class 2 or B Wastewater License, 2-
year (with high school diploma) or 1-year (with Bachelor of Science degree in Chemistry, 
Biology, Engineering or equivalent) experience. 
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● Wastewater Class 2 or B License - A person who has a Class 3 or C Wastewater License, 1-
year (with high school diploma) or 2 years (with Bachelor of Science degree in Chemistry, 
Biology, Engineering or equivalent) experience, and 48 hours of basic wastewater operator 
coursework. 
● Wastewater Class 3 or C License - A person who has had 3 months of experience and 40 
hours of basic wastewater operator coursework.  
● Wastewater Class 4 or D License - A person who has had 1 month of experience, 6 hours of 
basic wastewater operator coursework. 
● Wastewater Collections/Crew Worker - A worker that performs a variety of skilled tasks in 
the maintenance and repair of sanitary sewers and storm drains. 
● Wastewater Collections License - A person who has had 3 months of experience and 27 
hours of basic wastewater collections systems coursework. 
● Wastewater Collections System - The pipe system for collecting and carrying water and 
water-carried wastes from domestic and industrial sources to a wastewater treatment plant. 
● Wastewater Engineer - A person who designs systems to bring wastewater to treatment 
plants and safely treat wastewater to remove any harmful substances and return it to the 
ecosystem. 
● Wastewater Laboratory Analyst - A worker that performs chemical and bacteriological 
analysis of wastewater and related solids and liquids in support of the wastewater treatment 
plant operations. 
● Wastewater Maintenance Worker - A person who performs a wide variety of skilled work in 
wastewater treatment and collection system installation, inspection, preventive, and 
corrective maintenance and repair activities.  
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● Wastewater Operator - A worker that participates in the operation and maintenance of the 
wastewater treatment and disposal system.  
● Wastewater Treatment Facility - A place with pipes, conduits, structures, equipment, and 
processes required to collect, convey, and treat domestic and industrial wastes, and discharge 
or reuse of the effluent and sludge.  
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CHAPTER 2 
LITERATURE REVIEW  
Occupational Illness in the United States 
Throughout the United States, contracting an occupational illness is becoming a more 
significant issue as the years progress. The Bureau of Labor Statistics, U.S. Department of Labor 
(2017) reported that approximately 2.9 million nonfatal workplace injuries and illnesses were 
reported by private industry employers in 2016, at a rate of 2.9 cases per 100 full-time equivalent 
workers. According to the International Labour Organization estimates, occupational diseases 
and injuries causes the loss of 4% of global GDP annually. In other words, the direct and indirect 
costs of these diseases and injuries are about 2.8 trillion dollars (Davoodi et al., 2017). Even 
though these incidences are being reported, there are still limitations to the current surveillance 
programs. Presently, occupational illnesses are not adequately tracked in surveys and 
surveillance programs due to problems in recognition, recording, and reporting (Centers for 
Disease Control and Prevention, 2004). To be able to focus on occupational illness in the 
workplace, there must be significant improvements to the current surveillance systems to 
understand the areas that need to be addressed to implement specific prevention measures.  
Occupational safety and health research have led to many changes in workplaces and 
work processes that prevent injuries, illnesses, and death in workers (U.S. Department of Health 
and Human Services, 2014); but because the workforce is becoming so diverse and being 
affected by new technology, they do not have surveillance programs for every occupation. 
Identifying disparities in work-related injury and illness and fatality rates can help target 
prevention efforts (Steege et al., 2014). The Occupational Safety and Health Administration – the 
entity responsible for outlining safety policies and procedures– requires the use of PPE to reduce 
employee exposure to hazards when engineering and administrative controls are not feasible or 
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effective reducing these exposures to acceptable levels (Farooqui, 2009). It is useful to consider 
that exposures in the workplace are typically preventable by using engineering controls such as 
improved ventilation and administrative controls such as mandating the use of nonhazardous 
chemicals in place of those that pose a hazard or the use of personal protective equipment to 
create a barrier between the worker and the exposure (Wall, 2009). The appropriate use of 
personal protective equipment will aid in reducing the economic impact that occupational 
illnesses have on the nation, as well as increasing the health and longevity of people in the 
workforce.  
Health Risks from Human Exposure to Wastewater 
 There is little information on the long-term health effects that develop after working in 
the wastewater industry. As mentioned earlier, handling wastewater can have a significant 
impact on different organs of the body, as well as have an impact on various functional systems 
in the body. For instance, researchers have proven that sewage workers are at an increased risk 
for Hepatitis C, gastric cancer, and spinal abnormalities (Tiwari, 2008). The research that has 
been conducted on how wastewater treatment effects an employee’s health will be discussed in 
this section.  
 A postal questionnaire study was conducted in Sweden (Thorn et al., 2002) to assess the 
risk of work-related symptoms among sewage workers (N = 1453) in comparison to other 
municipal workers, which included drinking water workers and gardeners (N = 839). The 
questionnaire contained a series of items such as: length of employment, type of work carried 
out, existing diseases, different symptoms and diseases present in recent 12 months, smoking 
habits, and alcohol use. The sewage workers in this study were exposed to bacterial endotoxins 
and organic dust. The results of this survey concluded that there was an increased risk for airway, 
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gastrointestinal, and general symptoms such as joint pains and central nervous symptoms among 
sewage workers; but there is a need for clinical investigations to determine the cause of these 
symptoms (Thorn et al., 2002).   
 Hansen et al. (2003) conducted a study to investigate whether wastewater workers are at 
an increased risk of developing cancer at a wastewater plant in Copenhagen, Denmark in 
comparison to workers who do not work at the wastewater plant. The purpose of this study 
stemmed from prior research studies that had concluded the following: male wastewater workers 
had an increased mortality rate in comparison to males who did not work in the wastewater 
industry, there was a high frequency of acute gastrointestinal symptoms among Copenhagen 
wastewater workers, and Copenhagen workers showed increased leucocyte counts and 
immunoglobulin A levels. The study conducted by Hansen et al. in 2003 discovered that there 
was a slightly increased mortality and cancer morbidity among Copenhagen wastewater workers 
and the incidence of primary liver cancer was significantly increased among these workers as 
well.  
 Another comparison study was conducted by Al-Batanony and El-Shafie (2011) to assess 
the work-related health effects among wastewater workers. A special emphasis was placed on the 
most common infections as well as cardiopulmonary disorders. To compare the two groups, the 
following tests were conducted: spirometric and echocardiography measurements at the end of 
each work shift, serum examination to test antibodies against Hepatitis A Virus (HAV) and 
Hepatitis E Virus (HEV), a blood sample to measure exposure to hydrogen sulfide and stool 
samples to test for presence of Leptospira spirochete. These researchers determined that 
wastewater workers are exposed to gases such as hydrogen sulfide and methane, aerosols that 
contain microorganisms. Al-Batanony and El-Shafie (2011) concluded that in comparison to 
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non-wastewater workers, wastewater workers suffered from body ache, abdominal pain, wheeze, 
asthma, dyspnea, higher exposure to hydrogen sulfide, more frequent antibodies to HAV and 
HEV, and the prevalence of left ventricular hypertrophy and mean ejection fraction.  
Ebola Virus and Wastewater 
A serious issue that struck the nation in 2014 was the Ebola virus (EBOV) outbreak 
(CDC, 2018). Ebolavirus is primarily transmitted from person to person through direct contact 
with the bodily fluids of infected individuals which include: blood, diarrhea, stool, vomit, urine, 
sweat, saliva, and tears, with the highest virus concentrations typically found in blood (Haas et 
al., 2017). Transmission via inhalation of aerosolized EBOV particles is also a potential risk, 
although it is believed to be less likely than direct contact (Judson et al., 2015). Medical facilities 
that were treating patients for the EBOV discharged their sewage waste to wastewater facilities. 
If wastewater workers were not compliant with PPE regulations, they were at a higher risk of 
contracting the virus, because the virus was significantly as deadly as other occupational hazards 
that wastewater workers encounter when they are handling sewage water (i.e., HIV, Hepatitis).  
When Ebola emerged in 2014, the Centers for Disease Control and Prevention (CDC) and 
the World Health Organization (WHO) were confident that any contaminants from the Ebola 
virus could be placed into the sanitary sewer. The response to the Ebola Virus Disease (EVD) 
epidemic, by both WHO and the CDC, advised direct disposal of Ebola-contaminated liquid 
waste into sewage systems and latrines without disinfection (Bibby et al., 2015). Unlike WHO 
and CDC, some experts warned that all human waste from a patient with viral hemorrhagic 
fever( including EBOV) should be considered infectious; and that all waste should be disinfected 
by adding disinfectant or using chemical toilets before disposal into a municipal sewer system or 
septic tank (Bausch and Peters, 2009; Peters et al., 1996). 
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 A study was conducted to determine the persistence of the Ebola virus in wastewater 
with the addition of sodium hypochlorite (chlorine). The results from the study demonstrated the 
persistence of Ebola virus in wastewater greater than what has previously been suggested and the 
potential of a wastewater exposure route to infectious Ebola virus (Bibby et al., 2015; Bibby et 
al., 2017).  
Another study that was conducted by Haas et al. (2017) was conducted to assess a sewer 
worker’s potential risk of developing Ebola virus disease from inhalation exposure when 
performing standard occupational activities in a sewer line serving a hospital receiving Ebola 
patients where there is no pretreatment of the waste prior to discharge. Even though this study 
did not confirm or deny the risk of developing EVD, the results did suggest that full compliance 
with CDC guidance to wear a properly fitted NIOSH-approved N95 respirator during handling of 
untreated sewage leads to reduced aerosol exposure and a lower risk profile for EVD illness 
(Haas et al., 2017).  
A similar study by Le et al. (2017) was also conducted to assess the potential risks to 
sewer workers in the sewer line serving a hospital receiving Ebola patients. These researchers 
discovered that under the least favorable conditions in which PPE is not worn and EBOV RNA 
copies are deemed as virulent and that there is the median potential risk of developing EVD 
illness from inhalation exposure to EBOV-contaminated aerosols in the sewer (Le et al., 2017). 
Thus, current WHO and CDC guidance for EBOV liquid waste disposal—to dispose of in the 
sanitary sewer without further treatment—may be insufficiently protective of sewer worker 
safety (Le et al., 2017).  
Worker Use of Personal Protective Equipment among Various Occupations 
 There have been many studies conducted on PPE compliance across different 
occupations. A study by Jallow et al. (2017) was conducted on farmers (N=250) to determine 
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pesticide knowledge and safety practices. This study discovered that even though farm workers 
knew the occupational hazards that are involved with handling pesticides, they still neglected to 
wear PPE. This suggests that while farmers may know very well the dangers of handling 
pesticides, they can often take risky behaviors because of a lack of education and insufficient 
knowledge and understanding of safe pesticide practices or they are more concerned with high 
economic returns from their crops than with their own health (Jallow et al., 2017).   
 A study conducted by Farooqui (2009) on construction workers (N=48) in South Florida 
found that 78% of workers indicated that they have a major responsibility for compliance with 
PPE; 6% were convinced that it is not their primary responsibility but rather the responsibility of 
the management to comply with PPE procedures; while the remaining 16% were not sure. When 
asked, “Do you personally believe that wearing PPE can help protect you from work-related 
injuries?”: 82% of the workers believed that wearing PPE can protect them from work injuries 
and that wearing PPE is a legal requirement (Farooqui, 2009). Even though 82% of the workers 
believed that wearing PPE can protect them from work injuries, only 58% of the workers wore 
PPE as a habitual inclination. A similar study was conducted by Izudi et al. (2017) to investigate 
the use of PPE and its determinants among building construction workers in Kampala, Uganda. 
This study discovered that out of 385 respondents, only 60 (15.6%) used PPE. The low use of 
PPE confirms previous evidence that showed high occupational injuries and fatal accidents in the 
construction industry (Izudi et al., 2017). A correlation was associated with respondents who had 
prior knowledge of safety measures through training were more likely to wear PPE in 
comparison to respondents who had not had previous training.  
 There has been a considerable number of studies conducted on PPE compliance among 
healthcare workers across the world (Efstathiou et al., 2011; McGaw et al., 2012; Parmeggiani et 
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al., 2010). An example of one of these studies was conducted in Kingston, Jamaica at the 
University Hospital of the West Indies to investigate the practice of healthcare workers in the 
operating department. Participants’ attitudes and compliance regarding specific infection control 
policies were examined, and recommendations for improving compliance were solicited 
(McGaw et al., 2012). McGaw et al. (2012) concluded that healthcare workers in the operating 
department had suboptimal levels of compliance with standard infection control guidelines. Only 
17% of all participants (N = 90 doctors, N = 42 nurses) were compliant with all seven infection 
control policies which included: handwashing, use of gloves, use of gowns, eye protection, use 
of facemasks by non-scrubbed personnel, changing clothes on exit and re-entry to operating 
department, and not re-sheathing needles.  
Barriers Related to the use of Personal Protective Equipment in Various Occupations 
In a study conducted by Efstathiou et al. (2011), nurses listed several barriers that 
hindered them from wearing PPE. These barriers included: the storage area for equipment is 
locked or it is far from the area where care is provided, emergency situations may influence them 
not to follow personal protective equipment guidelines due to insufficient time, some equipment 
interfered with skills and the use of protective equipment had a negative impact on their 
appearance. The participants also admitted that they were not willing to or capable of altering 
their current practice because that was the way they were trained or that’s what they were 
accustomed to doing (Efstathiou et al., 2011).  
 Another study was conducted at a construction site in South Florida to understand the 
construction workers’ perspective for not wearing PPE. The following major reasons have been 
identified for lack of usage of PPE from workers: uncomfortable/ poor fit, temperature 
discomfort, reduced productivity/ hinder their ability to work more efficiently, not enough PPE 
for all, not enforced by the employer, and lack of training on appropriate use (Farooqui, 2009).  
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He concluded that a PPE program should be implemented to reiterate the importance of safety at 
the construction site. This program should address present hazards; the selection, maintenance 
and use of PP; staff training; and monitoring of the program to ensure its ongoing effectiveness 
(Farooqui, 2009).   
 A study conducted by Verma et al. (2011) on Latino farmworkers (N=300) in North 
Carolina addressed the need to increase farmworker knowledge and beliefs about eye safety. The 
most common reasons that farm workers indicate for not wearing eye protection are that the 
protection prevents them from seeing well enough to do their job, it is uncomfortable, it fogs up 
when the worker sweats, eye protection equipment is not always available, and it’s not mandated 
by their employer (Verma et al., 2011). The researchers concluded that results from this study 
should be expanded to develop appropriate interventions to improve farmworker knowledge and 
perceptions, increase eye protection behavior, and reduce farmworker risk, as well as increase 
grower and contractor provision of eye protection.  
 Lastly, a study conducted on carpenters in the construction industry integrated the use of 
different theories such as the Health Belief Model, Theory of Reasoned Action, Health 
Promotion Model and the Transtheoretical Model to develop a comprehensive hearing loss 
prevention training program (Stephenson & Stephenson, 2011). The barriers that were mentioned 
for not using hearing protection devices included: comfort, convenience, inability to 
communicate, cost, and the safety culture (Stephenson & Stephenson, 2011). 
 To address the barriers that have been mentioned, theoretical frameworks would aid in 
understanding the issues that hinder employees from not wearing PPE. There have been several 
behavior models that have proven to address PPE compliance among different occupations, but 
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for this research, the constructs of the Health Belief Model best identify with the factors 
associated with not wearing PPE in the wastewater profession. 
Health Belief Model 
 The HBM is a health behavior change and psychological model developed by social 
psychologists to explain why medical screening programs offered by the U.S. Public Health 
Service, particularly for tuberculosis, were not very successful (Hochbaum, 1958). The social 
psychologists who developed the HBM in the1950’s were Godfrey Hochbaum, Stephen Kegels, 
and Irwin Rosenstock (Hochbaum, 1958). Later, the model was extended to study people's 
responses to symptoms and their behaviors in response to diagnostic diseases, in particular the 
adhesion of medical regimens (Champion et al., 2008). Even though it was developed to predict 
the behavioral reaction of individuals with acute or chronic diseases to the treatment they 
receive, the model was later employed to predict more general behavior (Ahadzadeh et al., 
2015). The underlying concept of the original HBM is that health behavior is determined by 
personal beliefs or perceptions about a disease and the strategies available to decrease its 
occurrence (Hochbaum, 1958). The HBM hypothesizes that health-related action depends upon 
the simultaneous occurrence of three factors: 1) The existence of sufficient motivation (or health 
concern) to make health issues salient or relevant; 2) the belief that one is susceptible 
(vulnerable) to a serious health problem or to the sequelae of that illness or condition; and 3) The 
belief that following a particular health recommendation would be beneficial in reducing the 
perceived threat, and at a subjectively-acceptable cost (Rosenstock et al.,1988). The HBM has 
been previously used as a theoretical framework in many studies and has been successful in 
explaining a variety of human behaviors and attitudes, including compliance with Universal 
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Precautions (Efstathiou et al., 2011) and pesticide safety among farmworkers (Arcury et al., 
2002).  
Health behavior theories, when applied to injury and illness prevention, offer great 
potential to improve health outcomes for vulnerable individuals (Okun et al., 2016). The HBM 
proposes that action for prevention, screening, and health management will occur if the 
individual perceives herself as susceptible to the condition, if potentially serious consequences 
are present, if a particular action is beneficial in decreasing susceptibility or severity of the 
condition, and if the benefits for the action outweigh the barriers (Janz et al., 2002). The HBM 
was specifically chosen as a theoretical framework for this research because constructs from the 
Health Belief Model closely relate to the determinants of behavior that interact to influence the 
use of PPE; thus, this instrument has the potential to guide and evaluate workplace interventions 
so that they may be effective in the ultimate goal of protecting worker health (Wall, 2009). Using 
the HBM for this research will help to determine the beliefs wastewater workers have about 
wearing PPE and contracting an occupational illness. 
Perceived Susceptibility 
 The first construct of the HBM is perceived susceptibility. Perceived susceptibility is 
defined as beliefs about the likelihood of getting a disease or condition (Champion et al., 2008). 
For example, wastewater workers might deny any possibility of contracting an occupational 
illness if they do not wear personal protective equipment. Another wastewater worker might 
express that they are at a higher risk of contracting an occupational illness if they do not wear 
personal protective equipment. Individuals have to believe there is a possibility of contracting an 
occupational illness to engage in preventative behavior.  
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Perceived Severity 
Perceived severity is the second construct of the HBM. Perceived severity refers to one’s 
feelings about the seriousness of contracting an illness or of leaving it untreated (Janz et al., 
2002). These feelings include evaluations of both medical and clinical consequences (for 
example, death, disability, and pain) and possible social consequences (such as effects of the 
conditions on work, family life, and social relations) (Champion et al., 2008). Perception of 
perceived severity may force an individual to change their behavior. The concept of perceived 
threat, defined as a combination of perceived susceptibility and severity in the HBM, has great 
relevance for many health-related behaviors (Champion et al., 2008). Previous researches have 
shown that when there is a high perceived threat, people have a higher chance of changing the 
behavior (National Cancer Institute, 2003). For example, if wastewater workers feel that 
contracting an occupational illness may have long-term effects on their health or financial 
situation, then they will feel more inclined to wear personal protective equipment. 
Perceived Benefits 
According to the HBM, perceived benefits is a person’s opinion of the value or 
usefulness of a new behavior in decreasing the risk of developing a disease (Hayden, 2009). 
Individuals exhibiting optimal beliefs in susceptibility and severity are not expected to accept 
any recommended health action unless they also perceive the action as potentially beneficial by 
reducing the threat (Champion et al., 2008). For example, more wastewater workers will wear 
personal protective equipment, if they are knowledgeable that wearing personal protective 
equipment will reduce health problems for them in the future.  
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Perceived Barriers 
 Perceived barriers are defined as the potential negative aspects of a particular health 
action that may act as impediments to undertaking recommended behaviors (Champion et al., 
2008). An individual may believe that taking preventive action is useful to reduce perceived 
susceptibility and perceived severity, but may consider the action to be expensive, inconvenient 
or upsetting (Rosenstock, 1974). Among all the constructs of HBM, perceived barriers are the 
most significant in determining behavior change (Janz et al., 1984). Possible perceived barriers 
to wearing personal protective equipment among wastewater workers include: 
uncomfortableness, unavailability, and interference of personal protective equipment with the job 
tasks. 
Cues to Action 
Cues to action are events, people, or things that move people to change their behavior 
(Janz et al., 1984). An individual’s readiness to act (perceived susceptibility and perceived 
benefits) could only be potentiated by other factors, particularly by cues to instigate action, such 
as bodily events, or by environmental events, such as media publicity (Champion et al., 2008). 
Possible cues to action for PPE compliance among wastewater workers are posters, training, 
reminders from management, and threats of disciplinary action. 
Self-Efficacy 
 Self-efficacy was the last construct added to the HBM. Self-efficacy is defined as ‘the 
conviction that one can successfully execute the behavior required to produce the outcomes’ 
(Bandura, 1997). For behavior change to succeed, people must (as the original HBM theorizes) 
feel threatened by their current behavioral patterns (perceived susceptibility and severity) and 
believe that change of a specific kind will result in a valued outcome at an acceptable cost 
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(perceived benefit), as well as feel competent (self-efficacious) to overcome perceived barriers to 
take action (Champion et al., 2008). For example, wastewater workers have to feel confident that 
wearing personal protective equipment will prevent them from getting an occupational illness 
throughout their career.  
Modifying Variables 
The constructs of HBM are modified by other variables such as age, sex, ethnicity, 
education level, past experiences, and knowledge (National Cancer Institute, 2003). These 
variables can affect a person’s perception of changing a particular behavior. In the HBM theory, 
knowledge is one of the modifying factors that has a direct relationship with individual beliefs 
(perceived susceptibility, perceived severity, perceived benefits, and perceived barriers) and an 
indirect relationship with individual behaviors (Champion, 2008). Modifying variables that can 
influence wastewater workers perception to not comply with personal protective equipment 
regulations are knowledge level and experience.  
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Figure 1. Overview of Health Belief Model 
Adopted from Champion et al. (2008) 
Modifying Variables 
-Knowledge level 
-Experience 
-Motivation 
 
Perceived Susceptibility of 
contracting an occupational illness 
(e.g. thoughts of contracting an 
occupational illness) 
 
Perceived Severity of contracting 
an occupational illness 
(e.g. fear of the long-term effects 
an occupational illness will have 
on one’s health) 
 
Perceived Threat of contracting 
an occupational illness 
Self-efficacy  
(e.g. confidence that wearing 
PPE is beneficial for one’s 
health) 
Cues to Action 
(e.g. continuous reminders, 
education and training, and 
posters on the importance of 
wearing PPE 
Perceived Benefits of wearing PPE 
(e.g. reducing risk of contracting an 
occupational illness) 
Minus 
Perceived Barriers of wearing PPE 
(e.g. uncomfortableness, 
unavailability, job interference) 
 
Likelihood of 
wearing Personal 
Protective 
Equipment 
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The Health Belief Model’s Impact on PPE Compliance 
The Health Belief Model is by far the most commonly used theory in health education 
and promotion (National Cancer Institute, 2003). According to this model, people will follow 
healthy behavior, if they perceive susceptibility and seriousness of that situation and if they 
believe that benefits of doing the behavior are more than its barriers (Farajzadegan et al., 2016). 
The use of HBM from the last thirty years demonstrated that change in health beliefs of 
individuals can lead to a change in behavior and improved health status (Champion & Skinner, 
2008).  
Suratman et al. (2015) examined the effectiveness of an educational intervention to 
improve knowledge and perceptions for reducing organophosphorus pesticide (OP) exposure 
among Indonesian and South Australian (SA) migrant farmworkers (n=30). This research 
represents the first intervention targeted particularly at reducing OP exposure among Indonesian 
and SA migrant farmworkers that has been assessed for behavioral changes and compared with 
Health Belief Model (HBM) theory (Suratman et al., 2015). The Indonesian migrant 
farmworkers (n=30) were given an educational intervention through group presentations, and the 
SA migrant farmworkers (n=7) were provided the intervention material through an individual 
approach. The interventions improved farmworkers’ overall knowledge and exposure of OP 
toxicity, signs and symptoms of acute and chronic effects due to OP exposure, self-protection 
from OP exposure at workplace and at home, PPE, and perceptions about OP exposure, 
including perceived susceptibility, perceived severity, perceived benefits, and perceived barriers 
(Suratman et al., 2015).  
Another study conducted by Walton et al. (2017) used constructs (perceived 
susceptibility, perceived severity, and cues to action) derived from the Health Belief Model to 
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assess the knowledge and beliefs of 72 Latino farmworkers in North Carolina about the threat of 
health effects of pesticides. A questionnaire was administered to assess perceived severity and 
susceptibility to illness, to cancer, knowledge about health problems as a result of pesticide 
exposure, knowledge about cancer risk and efficacy of pesticide protective behaviors (PPBs). 
The questionnaire used a 4-point Likert scale with response options such as: strongly disagree, 
disagree, agree, and strongly agree. The results demonstrated that farmworkers believed that 
pesticides could cause serious health problems such as a serious illness or cancer. Nearly all 
farmworkers agreed that protective clothing was efficacious in minimizing exposures (Walton et 
al., 2017). Walton et al. (2017) concluded that perceived threat might not be the most significant 
modifying factor of protective behavior; but instead other factors such as availability of supplies, 
psychological variables (e.g., fatalistic beliefs and perception control), cues to action (e.g., 
advice from coworkers) and self-efficacy should be included as well.  
A study conducted by Efstathiou et al. (2011) used the HBM to study factors that 
influence nurse’s compliance with Standard Precaution to avoid occupational exposure to 
pathogens. The study discovered that there are several barriers (availability of equipment, 
interference with skill, discomfort, appearance) named as a reason that nurses did not comply 
with the Universal Precautions. Efstathiou et al. concluded that if those factors that lead to 
noncompliance overcome those that lead to compliance, then it is unlikely that Standard 
Precautions would be followed; but it is necessary to reveal those factors that influence 
compliance (positively and negatively) and develop plans in order to eliminate those that do not 
allow the implementation of Standard Precautions and promote those that do.  
A similar study conducted by Yousafzai et al. (2015) assessed the compliance at first 
level care facilities (FLCF) with universal precautions (UP) and its behavioral predictors using 
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Health Belief Model (HBM) on 485 healthcare workers (HCW) in rural areas of Pakistan. The 
results showed that there was low compliance (6.6%) among healthcare workers to all elements 
of the Universal Precautions. The results also showed that there was low compliance regarding 
recapping needles that have been contaminated and with wearing gloves during blood or body 
exposure. Knowledge regarding modes of transmission of BBP, self-efficacy in carrying out UP, 
perceived benefits of UP and perceived susceptibility to BBP was associated with compliance to 
UP (Yousafzai et al., 2015). Yousafzai et al. concluded that the results of this study provide 
evidence that constructs of HBM better explain the compliant behavior of HCW with practicing 
UP.    
Okun et al. (2016) took a different approach with utilizing the Health Belief Model to 
develop a framework of foundational workplace safety and health knowledge and skills (the 
NIOSH 8 Core Competencies). The NIOSH 8 Core Competencies, grounded in the Health Belief 
Model, one of the most widely used conceptual frameworks in health behavior practice, fill a 
critical gap in preparing the emerging U.S. workforce to be cognizant of workplace risks and 
controls, and be able to participate in promoting safe and healthy workplaces (Okun et al., 2016). 
Okun et al. (2016) proposed that since majority of students work at some point during their high 
school years, the integration of foundational workplace safety and health competencies into 
middle school and high school curricula is one way to ensure that every young person, before he 
or she enters the workforce, has the ability to be cognizant of the risks on the job and to 
participate in, and benefit from, safe, healthy, and productive work. 
Interventions and Training 
OSHA has recommended different training sessions to educate workers on the 
importance of wearing personal protection equipment across different occupations. OSHA’s 
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Training Institute provides basic and advanced courses in safety and health for Federal and state 
compliance officers, state consultants, Federal agency personnel, and private sector employers, 
employees and their representatives (Occupational Health and Safety Administration, 2004). 
Safety training is defined as instruction in hazard recognition and control measures, 
learning safe work practices and proper use of personal protective equipment, and acquiring 
knowledge of emergency procedures and preventive actions (Damalas et al., 2017). OSHA 
standard 1910.132(f)(1) states: The employer shall provide training on each employee who is 
required by this section to use PPE; Each such employee shall be trained to know at least the 
following: When PPE is necessary (1910.132(f)(1)(i)); What PPE is necessary 
(1910.132(f)(1)(ii)); How to properly don, doff, adjust, and wear PPE (1910.132(f)(1)(iii); The 
limitations of PPE; and, (1910.132(f)(1)(iv)) The proper care, maintenance, useful life and 
disposal of PPE (1910.132(f)(1)(v)). OSHA also mandates that each affected employee shall 
demonstrate an understanding of the training specified in paragraph (f)(1) of this section, and the 
ability to use PPE properly, before being allowed to perform work requiring the use of this PPE 
(OSHA, 2016). Training employees in safety measures are vital in increasing their knowledge, 
competence, and use of safety measures at the workplace (Izudi et al., 2017). 
 A study by Damalas et al. (2017) was conducted on trained (farmers who had training in 
the past) and non-trained (farmers who had not had training in the past) farmers in northern 
Greece to determine the association between farmer’s training on pesticide use and how it affects 
their safety behavior. A questionnaire was given to the farmers to understand their knowledge, 
beliefs, and behaviors about their exposure when handling pesticides. It was found that previous 
training was associated with increased levels of farmers’ knowledge of pesticides and beliefs 
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about pesticide hazard control, was accompanied by elevated safety behavior in farmers, and 
thus relating to lower occupational exposures to pesticides (Damalas et al., 2017). 
 Stephenson & Stephenson (2011) was successful in developing an effective safety 
training program on the importance of carpenters wearing hearing protection devices while 
working on a construction site. They discovered that employing a methodical approach for 
identifying workers’ pre-existing attitudes, beliefs, and behavioral intentions is critical to the 
process of developing an effective hearing loss prevention training and ultimately, evaluating the 
effectiveness of that program (Stephenson & Stephenson, 2011).  
 Researchers Hennessy and Dynan (2014) aimed to improve compliance with established 
standards and hospital policy regarding PPE use by nurses administering chemotherapy in the 
outpatient setting at the Dana-Farber Cancer Institute. At the initiation of the study in 2010, 
compliance rates were low ranging from 30% - 40%, but at the end of the study in 2012 
compliance rates had increased to 90%. Using the framework for the Model for Improvement, a 
continuous process of tests of change, performance measurement, and feedback were put into 
place to improve performance (Hennessy & Dynan, 2014). Key components of the sustained 
success of this initiative are staff education and ownership of the required changes, peer-
performance monitoring, leadership support and prioritization of the work, staff involvement in 
product review and selection of the PPE, and continuous monitoring and feedback regarding 
performance (Hennessy et al., 2014). 
 The studies selected for this literature review focused on addressing ownership, perceived 
benefits and barriers, education and leadership support to develop safety programs to increase 
PPE compliance in the workplace. These studies showed meaningful results with increased PPE 
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compliance when the workers were more knowledgeable about the occupational hazards that 
they encounter daily.  
Health Policy Research and Guidelines for the Wastewater Industry 
Health policy has been defined as a single statement or a set of laws, regulations, or, 
more vaguely, guiding principles brought to manage a particular health issue or to resolve more 
fundamental problems (Smith-Merry et al., 2007).  Adhering to health policies aids in reducing 
health risks and potential hazards in the workplace (OSHA, 2016). The CDC has issued 
guidelines for reducing health risks to workers handling human waste or sewage (CDC, 2015). 
These guidelines include: basic hygiene practices, basic hygiene for workers, personal protective 
equipment, training workers, personal protective equipment, and vaccination recommendation 
for workers. As mentioned previously, OSHA has General Industry specific guidelines for PPE 
use for wastewater workers. These specific requirements for each personal protective equipment 
include: ventilation, occupational noise exposure, hazardous waste operations, and emergency 
response, personal protective equipment, eye and face protection, respiratory protection, head 
protection, foot protection, electrical protective equipment, and hand protection. Even though, 
there are health policy guidelines that are listed to protect the health of workers in this industry, 
research, such as this one, will aid in the understanding as to why workers do not adhere to these 
guidelines and how that could impact their health. 
Health policy and systems research aims to promote generation, dissemination, and use of 
knowledge relating to all aspects of the health system (Luyckx et al., 2017). In the Institute of 
Medicine’s 2011 report, For the Public’s Health: Revitalizing Law and Policy to Meet New 
Challenges, the authors emphasized the importance of leveraging public policy to improve 
population health and the need to adopt a Health in All Policies (HiAP) approach-an approach 
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that not only looks at policies affecting the health care and public health systems, but also looks 
at the health effects of policies in non-health sectors (Heiman et al., 2016). There is a need for 
researchers to conduct research in different occupations, to understand if policies in non-health 
sectors are thoroughly protecting the health of the workers.  
Training must focus on the specific barriers to wearing PPE, voiced by the target 
audience, and also ensure mastery of any needed skills such that a high degree of self-efficacy is 
felt by the participants on completion of training (Stephenson & Stephenson, 2011).  The main 
users of health policy and systems research are policymakers and managers who focus on 
system-wide health issues (Luyckx et al., 2017). By utilizing the findings from this research, 
organizations should be able to understand the barriers that hinder their workers from wearing 
personal protective equipment, and they should also understand how to address these barriers to 
increase PPE compliance.  
Gaps in Research on PPE Compliance among Wastewater Workers 
 Although there have been several studies on PPE compliance across different 
occupations; to date, there has not been a study conducted on PPE compliance among 
wastewater workers. Studies that have been conducted on PPE compliance focus on specific 
occupations or specific types of personal protective equipment. Although improvements in 
occupational safety and health surveillance are ongoing, there are several emerging areas in 
which national data systems are not available or merit further research (U.S. Department of 
Health and Human Services, 2014).  
Conceptual Model for Current Research 
The current research utilized the Health Belief Model to determine which barriers hinder 
wastewater workers from wearing PPE and exposing them to an occupational illness and 
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occupational hazards. Since this issue has not been widely investigated, this study will hopefully 
generate a need to collect data in this occupation. Wastewater workers are exposed to different 
occupational hazards, and there is insufficient data on these exposures and how they are 
associated with the worker’s health and lifespan. A public health approach to occupational health 
surveillance will require further studies explicitly targeting defined populations and designed 
with consideration of their work and living environments (Azaroff et al., 2002). This study 
intends to guide more focus towards this occupation, because it’s a major tool in keeping the 
environment and public safe. Many people are ignorant of the long-term effects that working in 
wastewater can have on one’s health, especially if the employee does not wear the required 
personal protective equipment. More sensitive data collection will require supplementary 
approaches, both to identify cases of work-related health problems and to obtain information 
about associated exposures (Azaroff et al., 2002). 
 Compliance can be influenced or controlled by a variety of factors like culture, economic 
and social factors, self-efficacy, and lack of knowledge or means (Efstathiou et al., 2011). The 
HBM provides a clear framework for planning interventions and has been widely used to explain 
other forms of preventive behavior and plan prevention programs (Sim et al., 2014). The HBM 
could be used as a gateway for other behavior models to understand PPE compliance in this 
occupation and other related fields. Similar to Wall’s (2009) study, the intended results are that 
the current research would contribute to an understanding of the interaction of the barriers and 
their impacts on worker compliance with personal protective equipment. 
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CHAPTER 3 
 METHODOLOGY 
Introduction 
        This study intended to collect data regarding wastewater workers’ perceptions, 
knowledge of occupational illnesses, barriers to wearing PPE and intent to increase awareness of 
PPE non-compliance in the wastewater industry. The study was designed to investigate the 
predictors of PPE compliance among wastewater workers within the framework of the HBM. 
Description of the research design, sample and population, instrumentation, data collection and 
procedures, data analysis and limitations are discussed in this chapter. The research protocol has 
been reviewed and approved by the Georgia Southern University Institutional Review Board 
(See Appendix B).  
Kind of Research 
The evaluation of occupational safety and health hazards in wastewater workers uses 
exploratory research. Exploratory research tends to tackle new problems on which little or no 
previous research has been done (Brown, 2006). Regarding proper use of PPE, it is important to 
identify the barriers (e.g., knowledge, insufficient resources, PPE comfort) that prevent 
wastewater workers from wearing the proper PPE.  Exploratory research will provide the tools 
needed in order help to develop programs that will benefit the health and safety of workers in the 
wastewater industry.  
This research used convenience sampling. Convenience sampling is a type of 
nonprobability or nonrandom sampling where members of the target population that meet certain 
practical criteria, such as easy accessibility, geographical proximity, availability at a given time, 
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or the willingness to participate are included (Etikan et al., 2016). The key advantages of 
convenience sampling are that it is cheap, efficient, and simple to implement (Jager et al., 2017).  
This research also used cluster sampling. Cluster sampling is a technique in which 
clusters of participants that represent the population are identified and included in the sample 
(Jackson, 2014).  It is particularly relevant when sampling frames are not readily available or 
when the target population is widely dispersed geographically (Vaganay, 2016). According to 
WHO, a cluster design is easy to implement in the field, requires few resources, and yields 
reasonably valid and precise estimates with relatively quick turnover for analysis and reporting 
(Malilay et al., 1996). The sample population in this research consisted of two separate groups. 
Respondents from Georgia were a cluster sample, with each plant that participated as one cluster. 
The internet respondents outside Georgia were considered as a different cluster.  
The study design used for this research was a descriptive, cross-sectional study.  
Cross-sectional studies are used to study a phenomenon by taking a cross section of it at one time 
and analyzing that cross section carefully (Babbie, 2008).  Descriptive, cross-sectional studies 
are useful for planning or administering preventive or health care services, surveillance 
programs, and surveys (Alexander et al., 2015). The advantage of a cross-sectional study is that 
respondents are not lost to follow-up because the survey will only be administered at one point in 
time. Surveys are commonly used for descriptive purposes and are perhaps the best method 
available to collect data for a population too large to observe directly (Babbie, 2008). Cross-
sectional studies are quick, easy and cost-effective. Cross-sectional studies also provide 
association, so the results of this study should generate a hypothesis for further research and 
understanding on this topic.  
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Sample and Population 
 The participants were employees currently employed at different wastewater facilities across 
the Southeast. One hundred and twenty-five wastewater facilities were contacted across the 
Southeast and 33 facilities agreed to participate in this research, resulting in a final convenience 
sample of 272 respondents. The survey was only limited to people who work at a wastewater 
facility (i.e., wastewater operators, managers, collection workers, maintenance and wastewater 
laboratory analysts). 
Recruitment 
 Managers at different wastewater facilities were contacted to participate in this research. 
The contact information of the managers was conveniently selected from the city or water 
department’s website. The managers were invited to participate in the research via email or 
phone call. They were sent an email with an “Invitation to Participate Research” document (see 
Appendix C) explaining the purpose of the research. If the manager agreed to participate in this 
research, the manager of the wastewater facility was emailed a Letter of Cooperation (see 
Appendix D & Appendix E) to confirm their participation in this research. This process took 
place from March 2018 to July 2018 after approval from the GSU Institutional Review Board. 
Across the southeastern region, there were 125 wastewater facilities that were contacted 
to participate in the study. Of the 125 wastewater facilities, 33 wastewater facilities agreed to 
participate. The total number of employees at each wastewater facility combined was 1,067. Of 
the 1,067 employees, 290 employees agreed to participate in the study. 
Data Collection and Procedures 
The data used for this research was collected over the course of four months (April 2018 
to July 2018). The collection of data took place in various locations. These wastewater facilities 
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were conveniently selected from wastewater facilities websites that were listed on the internet. 
Respondents were from Georgia (n = 160) and other states in the southeast (n =112) which 
included: Alabama, Florida, North Carolina, South Carolina, and Tennessee.  
For facilities in Georgia, the researcher contacted the facilities and obtained clustered 
samples within each facility. The manager posted a flyer to include the date, time and place in 
which the survey would be administered (Appendix F). As a visitor to the facilities in Georgia, 
the researcher had to be escorted in by the administrator to a designated location. The 
participants congregated into this location and then the survey was administered in a paper 
format. Participants were given the informed consent which explained the purpose of the 
research and potential risks of participating in the survey before information was collected. 
Participants were informed their responses would remain confidential and the survey information 
would be used for research purposes only (See Appendix G for Informed Consent).  After 
reading and agreeing to the informed consent the participants voluntarily completed the survey in 
person.  
For facilities outside of Georgia, the manager of the facility was sent a link to the survey 
via SurveyMonkey. The manager distributed the survey link to the wastewater workers via email. 
Informed consent was assumed by pressing “Yes” on the informed consent screen. If the 
participant chose “No” on the informed consent screen, they were instantly removed from the 
survey. The participants voluntarily completed the online survey after agreeing to the informed 
consent. Since each individual had access to the survey link, the entire population with the online 
surveys was a single cluster. 
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Instrumentation 
The conceptual and theoretical framework for this research utilized the Health Belief 
Model to conceptualize compliance with PPE among wastewater workers. The introductory letter 
and the informed consent (Appendix G) accompanied the survey to clarify to the respondents the 
purpose of the research and to develop an understanding that they are giving their consent to be 
involved in this research. Questions in Section I (Knowledge of PPE and Occupational 
Exposures) consisted of 2 yes/no questions pertaining to required PPE and occupational 
exposures. Participants were asked to mark each personal protective equipment that is required 
for them to use, and to mark each occupational exposure that they encounter in their daily 
operations.  Questions in Section II (HBM constructs) were asked on a 5-point Likert-scale with 
answers ranging from: strongly disagree, disagree, neither agree or disagree, agree and strongly 
agree. Questions from Section III (Management) were asked on a 5-point Likert-scale with 
answers ranging from: never, rarely, sometimes, very often, and always. Questions from Section 
IV (General Employee Information) asked the participant to circle all that applies in reference to 
their gender, age range, years of experience, and prior training on PPE.  
The questions from Section II and Section IV were developed by a researcher named Jack 
Wall (2009). He used the survey to address non-compliance with PPE on a military base for 
requirements of his thesis that he completed at the University of Utah. Questions from Section I 
and Section III were developed by the researcher. The survey questions were evaluated by the 
faculty on the dissertation committee for this research and community health professional health 
educators in the Jiann-Ping Hsu College of Public Health for content validity (n=5). 
The type of survey used was an anonymous, self- administered, cross-sectional survey. 
The survey was split into four sections. Section I asked open-ended questions pertaining to the 
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worker’s knowledge about the different occupational hazards in the workplace and the PPE that 
is used to reduce being exposed to these hazards. Section II addressed the worker’s beliefs on 
their fear of acquiring an occupational disease at work and their responsibility and involvement 
towards wearing PPE. Section III focused on management commitment towards PPE and 
ensuring that their workers comply with PPE regulations.  Section IV addressed the demographic 
information on the respondent and the respondent’s knowledge of any prior training they have 
had on the importance of PPE.  
The constructs that are used in the HBM and which were used for this research are: 
perceived susceptibility (risk of exposure and vulnerability to diseases; questions 1 through 6), 
perceived severity (fear and impact of disease on health; questions 7 through 13), perceived 
benefits (protection from infection and psychological factors; questions 14 through 17), 
perceived barriers (availability of equipment, negative influence of PPE, PPE discomfort, and 
implementation of PPE regulation; questions 18 through 25), cues to action (knowledge of 
exposure and training guidelines; questions 26 through 33) and self-efficacy (personal beliefs; 
questions 34 through 39). Management questions, demographics and prior training information 
were asked at the end of the survey.  See the survey that was administered in Appendix H. 
For this research, confidentiality was assured to reduce response bias. The survey design 
asked indirect questions along with avoiding leading and complex questions to improve validity.  
Face validity and content validity are the main measures for this research because it is 
appropriate for its intended purpose and it represents the constructs that are being studied. 
According to the results of Wall’s study, it was found that the instrument was applicable, 
relevant, and valid for the purpose of assessing determinants that influence the use of personal 
protective equipment in an occupational setting (Wall, 2009). Face validity of the instrument was 
50 
 
 
 
qualitatively assessed by a focus group of six experts and a focus group of six employees. 
Content validity was determined by using a two-judge instrument, as outlined by Di lorio (2005). 
Wall (2009) used a content validity index that asserted that he needed an index of 0.90 or greater 
to validate the instrument. The content validity index was calculated to be 1.0 by both judges, 
which determined that the instrument was valid. 
Data Clean-Up 
 The data was cleaned up for errors before it was analyzed. Two respondents who took the 
internet survey did not agree to the informed consent and 16 respondents turned in the survey 
blank; these participants were not included in the data analysis. Hot deck imputation was used on 
surveys with missing data within the HBM section. Hot deck imputation is a method for handling 
missing data in which each missing value is replaced with a random sample of the observed 
responses from respondents who are similar to the non-respondent with respect to characteristics 
observed by both cases (Andridge et al., 2010). A total of 272 participants completed the survey 
(25% response rate) and this data was used for statistical analysis. 
Data Analysis 
The Statistical Analysis System, version 9.4 (SAS Institute, 2013), was used for data 
analysis. Cronbach’s alpha statistical analysis method was utilized to determine internal 
consistency and reliability of each item in the survey. A test for homogeneity of the samples was 
also conducted to determine if the Georgia clustered sample and the Internet clustered sample 
could be combined. Testing for homogeneity is a common practice when two different sampling 
methods were used to collect data (Kulinskaya et al., 2015) 
To examine the homogeneity of samples, PROC SURVEYMEANS (SAS Institute, 
2013), was used to construct the sample means, standard errors and 95% confidence limits of the 
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means for each summary scale of questions relating to safety equipment, knowledge, perceived 
susceptibility, perceived severity, perceived barriers, perceived benefits, cues to action, and self-
efficacy under the two sampling schemes. The sampling schemes were the cluster sampling for 
Georgia respondents and pseudo simple random sample (SRS) for the internet respondents.  In 
all cases except for scale “Knowledge” and “Safety Equipment”, the summative items go from 1 
to 5 with 1 being “strongly disagree” and 5 being “strongly agree”. These scales were 
summarized by the total sum of relating Likert-scale questions. For the scale “Knowledge,” the 
responses are 1 for having the knowledge and 0 for not having the knowledge, so the summation 
is the total number of items of which a respondent has knowledge. Similarly, for the scale, 
“Safety Equipment”, the responses are 1 for indicating the safety equipment that is required and 
0 for not indicating the safety equipment that is required, so the summation is the total number of 
items of which the respondent has indicated the safety equipment that are required at their 
facility. Table 1 below provides the resulting information and suggest the results from the two 
sampling methods are similar enough to combine the samples. 
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Table 1 
Test for Homogeneity Sampling  
 
  
Associations between predictors of interest with PPE compliance was determined through 
linear regression analysis. Linear regression analysis method was used to study the linear 
relationship between a dependent variable and one or more independent variables (Schneider et 
al., 2010). For this research, the dependent variable was PPE compliance, and the independent 
variables, which were predictors of PPE compliance included: knowledge level, years of 
experience, constructs from the HBM, and management’s impact on enforcing PPE compliance.  
A simple linear regression model was developed to determine if certain items from the 
management section was a predictor for PPE compliance. Similarly, the simple linear regression 
model was used to analyze if individual (knowledge level and experience) and organizational 
(management) factors, and the health belief model constructs were significant factors that 
Georgia Respondents (n=160) 
Variable Mean Std Error of Mean 95% Confidence Limits 
Safety Equipment 3.41 0.39 (2.55, 4.27) 
Knowledge 12.54 0.48 (11.48, 13.59) 
Perceived Susceptibility 18.41 0.31 (17.74, 19.08) 
Perceived Severity 22.39 0.42 (21.46, 23.31) 
Perceived Benefits 15.64 0.28 (15.03, 16.26) 
Perceived Barriers 20.29 0.49 (19.21, 21.36) 
Cues to Action 32.14 0.65 (30.73, 33.55) 
Self-efficacy 20.12 0.29 (19.48, 20.75) 
Internet Respondents (n = 112) 
Variable Mean Std Error of Mean 95% Confidence Limits 
Safety Equipment 3.44 0.21 (3.03, 3.84) 
Knowledge 12.79 0.37 (12.06, 13.53) 
Perceived Susceptibility 17.93 0.31 (17.31, 18.55) 
Perceived Severity 22.54 0.39 (21.78, 23.31) 
Perceived Benefits 14.47 0.27 (13.94, 15.01) 
Perceived Barriers 19.76 0.35 (19.06, 20.46) 
Cues to Action 30.23 0.50 (29.23, 31.23) 
Self-efficacy 19.83 0.25 (19.34, 20.33_ 
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contribute to PPE compliance in wastewater workers. An adjusted multiple regression analysis 
was conducted on HBM constructs and management to determine if confounding factors 
(knowledge level and experience) had an impact on the relationship of management with PPE 
compliance. A significance level of p<0.05 was used for the statistical analysis.  
A frequency analysis was conducted on the demographic information, prior trainings, 
occupation, wastewater licenses, knowledge level, constructs from the Health Belief Model, and 
management impact. Since cluster sampling was used in this study, weighted frequencies and 
percentages were also calculated on these items so that the results would be more representative 
of the entire population. Weighted variables also are used to account for statistical limitations 
such as non-response bias.  
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CHAPTER 4 
RESULTS  
Introduction 
 This purpose of this research is to identify wastewater worker’s beliefs and practices on 
wearing personal protective equipment through the integration of the HBM. The present study 
uses a self-reporting questionnaire to assess compliance with personal protective equipment 
among wastewater workers. This chapter presents a description of the sample, which includes 
background demographic characteristics and HBM constructs. This chapter also examines the 
reliability of the instrument and present results from statistical analyses used to answer the eight 
research questions.  
Instrument Reliability 
Cronbach Coefficient Alpha (CCA) is a classic measure of item internal consistency of 
an instrument and is used in a wide range of behavioral, biomedical, psychosocial, and health-
care related research (Ma et al., 2010). Alpha was developed by Lee Cronbach in 1951 to provide 
a measure of the internal consistency of a test or scale; it is expressed as a number between 0 and 
1 (Tavakol et al., 2011) with larger values indicating higher degrees of consistency across the 
different items in terms of capturing a common source of variation (Ma et al., 2010). Internal 
consistency describes the extent to which all the items in a test measure the same concept or 
construct and hence it is connected to the inter-relatedness of the items within the test (Tavakol 
et al., 2011). Cronbach alpha scores were calculated to determine the internal consistency of the 
instrument (See Table 2). A reliability coefficient of 0.70 or higher is widely considered to be 
acceptable in social science research (Ma et al., 2010). The overall Cronbach alpha scale for the 
instrument was 0.75.  The lowest Cronbach alpha score was for perceived susceptibility (0.50).   
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Table 2 
Cronbach’s Alpha Reliability Coefficients 
 
Cronbach’s Alpha scores calculated from (n=272); *Indicated that the Cronbach’s alpha score for management is 
calculated from separate sample size (n =123)  
 
Description of Sample 
 This study utilized a convenience sample of wastewater workers (n=272) from different 
wastewater facilities across the southeast. Among the participants, 86.3% were male, 10.2% 
were female and less than 1% claimed other as their gender. The age distribution of this sample 
was comprised as 2.6% were 18-25, 7.3% were 26-30, 9.5% were 31-35, 13.1% were 36-40, 
18.5% were 41-45%, 15.0% were 46-50, 10.0% were 51-55, 13.8% were 56-60, and 10.1% were 
greater than 60 years old. Regarding years of experience in the wastewater industry, 3.7% had 
less than one year, 22.7% had 1-5 years, 12.7% had 6-10 years, 13.1% had 11-15 years, 21.0% 
had 16-20 years, and 23.5% had over 20 years of experience. Majority of the respondents had 
received basic safety training on PPE (90.7%), 69.6% had familiarization training, 64.0% had 
hazard communication training, 40.6% had supervisor safety training, and 44.0% had advanced 
PPE training. The participants listed a variety of job titles, with majority of the respondents 
identifying as wastewater operators (29.2%).  The respondents also listed different wastewater 
licenses that they have. Some respondents had more than one license. Twenty-nine percent of the 
Scale Number of Items in 
Scale 
Cronbach’s Alpha 
Knowledge of Safety Equipment 8 0.79 
Knowledge of Occupational Exposures 16 0.87 
Perceived Susceptibility 6 0.51 
Perceived Severity 7 0.67 
Perceived Benefits 4 0.69 
Perceived Barriers 8 0.71 
Cues to Action  9 0.77 
Self-Efficacy  5 0.74 
Management 6 0.99* 
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respondents did not have a wastewater license or did not list a wastewater license. Participants 
with the highest wastewater license that can be earned in the wastewater industry (Wastewater 
Class 1 or A License) was 26.4%, while the participants with the lowest license (Wastewater 
Class 4 or D Licenses) was 6.6% of the sample.    
 
Table 3 
Demographic Characteristics of Study Respondents 
 
Variables Frequency  
(n) 
 Weighted Percent  
(%) 
Gender   
   Male 230 86.3 
   Female 31 10.2 
   Other 1 0.3 
Age   
   18-25 10 2.6 
   26-30 23 7.3 
   31-35 25 9.5 
   36-40 31 13.1 
   41-45 42 18.5 
   46-50 38 15.0 
   51-55 38 10.0 
   56-60  32 13.8 
   >60 24 10.1 
Experience   
   Less than a year 10 3.7 
   1-5 years 63 22.7 
   6-10 years 33 12.7 
   11-15 years  45 13.1 
   16-20 years 43 21.0 
   Over 20 years 67 23.5 
PPE Traininga   
   Familiarization Training 173 69.6 
   Basic Safety Training 243 90.7 
   Hazard Communication 171 64.0 
   Supervisor Safety Training 108 40.6 
   Advanced PPE Training 123 44.0 
Note: Percentages based on completed response 
aThese questions involved multiple responses; the total responses will not equal 100% 
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Table 4 
Occupation and Licenses of Study Respondents 
Note: Percentages based on completed responses 
 
 
 
 
Characteristics  Frequency (n) Weighted Percent (%) 
Occupation   
Accounts Coordinator 2 0.6 
Admin Specialist 1 0.3 
Biosolids Coordinator 1 0.3 
Crew Leader 5 1.2 
Crew Supervisor 2 0.6 
Crew Worker 3 0.5 
Dryer Technician 2 0.6 
Engineer 5 1.1 
Environmental Compliance Specialist 11 4.6 
Field Support Technician 1 0.4 
Heavy Equipment Operator 7 1.6 
Industrial Pretreatment Technician 2 0.7 
Instrument Technician 3 0.7 
Lab Analyst/Chemist 14 5.8 
Laboratory Supervisor 5 1.5 
Locator 3 0.8 
Maintenance Superintendent 8 1.8 
Maintenance Supervisor 4 1.1 
Maintenance Worker 34 10.0 
Meter Technician 1 0.2 
Natural Gas Technician 1 0.2 
Safety Manager 2 0.5 
Stormwater Technician 1 0.2 
Unidentified 8 1.9 
Utility Service Worker 1 0.3 
Wastewater Collections Manager 3 0.9 
Wastewater Collections Supervisor 4 1.0 
Wastewater Collections Worker 9 2.1 
Wastewater Operator 69 29.2 
Wastewater Manager 20 6.6 
Wastewater Superintendent 23 14.9 
Wastewater Supervisor 17 7.9 
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Table 4 (continued)  
Occupation and Licenses of Study Respondents 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Percentages based on completed response. 
aThis question involved multiple responses; the total responses will not equal 100% 
Knowledge of PPE and Occupational Exposures 
 Question 1 of the survey asked participants, “Do you wear PPE every time you are at 
work?” Majority of the respondents responded “yes” (76.6%) and 23.4% of the participants 
responded “no”. Participants were also asked which PPE are mandatory for them to use at work. 
Safety shoes (74.2%), gloves (69.4%), and safety goggles (55.5%) were the main items that the 
respondents listed. Participants also had an option to select “Other” where they were asked to 
specify their answer. Responses to “Other” included wearing a safety vest, a lab coat, a chemical 
apron, a safety harness, and wearing personal protective equipment as needed for specific 
situations. Question 2 of the survey asked participants, “Do you know there are occupational 
exposures/events that can cause injuries or harm to your health and the health of your fellow 
workers?” Majority of the participants responded “yes” (97.7%) and 2.5% responded “no”. The 
participants were also asked to mark the occupational exposures that they are exposed to. Slips 
and falls (94.8%), abrasions (91.2%), and chemical hazards (90.4%), were the occupational 
exposures that participants marked as hazards at their facility. Participants had the option to write 
Characteristics Frequency (n)  Percent (%) 
Wastewater Licensesa   
   No Licenses or None Listed 90 29.4 
   Class 1 or Class A License 51 26.4 
   Class 2 or Class B License 18 8.0 
   Class 3 or Class C License 43 16.6 
   Class 4 or Class D License 24 6.6 
   Wastewater Collections License 49 16.4 
   Wastewater Lab Analyst License 18 8.9 
   Class 3 Maintenance Technologist 4 1.4 
   Master Electrician 1 0.3 
   Land Application 1 0.3 
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in a response in the “Other” area. Responses to “Other” included drowning and asbestos. 
Participants also indicated that respiratory issues was an occupational exposure at their facility 
(80.8%), but only 27.8% of the participants indicated that respirators/face masks was a 
requirement at their facility. Detailed knowledge of PPE and occupational exposures are listed in 
Table 5. 
Table 5 
Knowledge of Personal Protective Equipment and Occupational Exposures 
 Note: Percentages based on completed responses. 
 aThis question involved multiple responses; the total responses will not equal 100% 
                                            
 
 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent 
(%) 
Do you wear PPE 
every time you are at 
work? 
   
 Yes 217 76.6 
 No 55 23.4 
Which of the 
following PPE are 
mandatory for you to 
use?a  
   
 Hard hat 122 43.7 
 Safety Goggles 153 55.5 
 Gloves 181 69.4 
 Respirators/Face Masks 70 27.8 
 Work suit/Coveralls 75 28.4 
 Ear muffs/Ear plugs 118 43.0 
 Safety Shoes (Steel-toed) 203 74.2 
 None of the above 13 5.0 
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Table 5 (continued) 
Knowledge of Personal Protective Equipment and Occupational Exposures 
Note: Percentages based on completed response 
  aThis question involved multiple responses; the total responses will not equal 100%
Item Responses Frequency             
(n) 
Weighted Percent 
(%) 
Do you know there are occupational 
exposures/events that can cause 
injuries or harm to your health and 
the health of your fellow workers? 
   
 Yes 262 97.7 
 No 10 2.5 
Which of the following PPE are 
mandatory for you to use?a  
   
 Blood-borne pathogens 233 88.0 
 Vector Borne Diseases 189 73.9 
 Needles 192 74.6 
 Abrasions 237 91.2 
 Chemical Hazards 239 90.4 
 Chronic poisoning 170 66.4 
 Respiratory Issues 208 80.8 
 Confined Space 229 87.0 
 Musculoskeletal Injuries 181 67.6 
 Burns by steam 134 53.8 
 Slips and Falls 253 94.8 
 Electrical Shock 230 87.7 
 Fires and Explosions 222 85.3 
 Excessive Noise Levels 227 83.4 
 Exposure to UV 
Radiation 
158 62.2 
 Discomfort and 
psychological problems 
182 70.4 
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Background of Health Belief Model Characteristics 
Perceived Benefits 
 Participants were asked to indicate to what extent they agreed or disagreed with 
statements relating to the perceived benefits of the use of personal protective equipment. Fifty 
percent of the participants agreed that wearing personal protective equipment will prevent future 
health problems. In addition, 55.2% agreed that personal protective equipment prevents 
exposures to the kinds of hazards that are around the job; 33.2% agreed that they don’t worry 
about getting an occupational illness when they are wearing personal protective equipment, and 
51.2% benefit from wearing personal protective equipment. Table 6 provides detailed 
information about wastewater worker’s perceived benefits of wearing personal protective 
equipment.  
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Table 6  
Profile of Perceived Benefits 
 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent  
(%) 
Wearing personal protective 
equipment will prevent future 
health problems for me. 
 
 
 
 
Strongly Agree 
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24.6 
 Agree 143 50.0 
 Neither agree nor Disagree 44 15.4 
 Disagree 24 7.5 
 Strongly Disagree 9 2.5 
Personal protective equipment 
prevents exposure to the kinds 
of hazards I am around on the 
job. 
 
 
 
 
 
Strongly Agree 
 
 
 
 
 
59 
 
 
 
 
 
25.3 
 Agree 147 55.2 
 Neither agree nor Disagree 35 10.6 
 Disagree 23 6.7 
 Strongly Disagree 8 2.1 
I don’t worry about getting an 
occupational illness when I 
use personal protective 
equipment. 
 
 
 
 
 
Strongly Agree 
 
 
 
 
 
20 
 
 
 
 
 
9.3 
 Agree 86 33.2 
 Neither agree nor Disagree 73 28.2 
 Disagree 78 23.3 
 Strongly Disagree 15 6.0 
I benefit by wearing personal 
protective equipment. 
 
 
Strongly Agree 
 
 
89 
 
 
38.6 
 Agree 153 51.2 
 Neither agree nor Disagree 20 6.8 
 Disagree 6 2.2 
 
 
Strongly Disagree 
4 1.1 
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Perceived Barriers 
Participants were asked to indicate to what extent they agreed or disagreed with 
statements relating to the perceived barriers of the use of personal protective equipment. 
 Participants agreed that wearing personal protective equipment is uncomfortable (37.3%). The 
participants in this study disagreed with the following statements: Personal protective equipment 
interferes with my ability to do the job (43.8%); Personal protective equipment is not always 
available to me (42.7%); My coworkers would make fun of me for wearing personal protective 
equipment (51.8%); My supervisor seldom wears personal protective equipment (41.6%); I 
would need to develop a new habit for wearing personal protective equipment, and that is 
difficult (48.6%); and Wearing personal protective equipment is just too inconvenient for me 
(52.4%). Table 7 provides detailed information about wastewater worker’s perceived barriers of 
PPE compliance. 
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Table 7 
Profile of Perceived Barriers 
 
 
 
 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent  
(%) 
Wearing personal protective 
equipment is uncomfortable. 
 
 
 
Strongly Agree 
 
 
 
11 
 
 
 
5.0 
 Agree 108 37.3 
 Neither agree nor Disagree 83 31.8 
 Disagree 60 20.1 
 Strongly Disagree 10 5.9 
Personal protective 
equipment interferes with 
my ability to do my job. 
 
 
 
Strongly Agree 
 
 
 
1 
 
 
 
0.2 
 Agree 52 14.9 
 Neither agree nor Disagree 93 33.9 
 Disagree 107 43.8 
 Strongly Disagree 19 7.3 
Personal protective 
equipment is not always 
available to me. 
 
 
 
Strongly Agree 
 
 
 
8 
 
 
 
2.7 
 Agree 31 12.1 
 Neither agree nor Disagree 26 8.6 
 Disagree 123 42.7 
 Strongly Disagree 84 33.9 
My coworkers would make 
fun of me for wearing 
personal protective 
equipment. 
 
 
 
Strongly Agree 
 
 
 
3 
 
 
 
0.8 
 Agree 13 4.7 
 Neither agree nor Disagree 18 7.0 
 Disagree 141 51.8 
 
 
Strongly Disagree 
97 35.7 
65 
 
 
Table 7 (continued) 
Profile of Perceived Barriers 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent  
(%) 
My supervisor seldom 
wears personal 
protective equipment. 
 
 
Strongly Agree 
 
 
11 
 
 
4.2 
 Agree 23 8.4 
 Neither agree nor Disagree 49 17.5 
 Disagree 115 41.6 
 Strongly Disagree 74 28.3 
My supervisor is aware 
of my compliance with 
personal protective 
equipment guidelines. 
 
 
 
Strongly Agree 
 
 
 
72 
 
 
 
29.3 
 Agree 159 56.2 
 Neither agree nor Disagree 27 9.8 
 Disagree 8 2.8 
 Strongly Disagree 6 1.9 
I would need to develop 
a new habit for wearing 
personal protective 
equipment, and that is 
difficult. 
 
 
                                        
 
 
Strongly Agree 
 
 
                             
 
 
4 
 
 
                      
 
 
2.5 
 Agree 28 10.5 
 Neither agree nor Disagree 45 18.3 
 Disagree 138 48.6 
 Strongly Disagree 57 20.2 
Wearing personal 
protective equipment is 
just too inconvenient for 
me.  
 
 
   
Strongly Agree 
 
                                       
 
3 
 
                       
 
0.7 
 Agree 10 2.7 
 Neither agree nor Disagree 36 13.2 
 Disagree 149 52.4 
 
 
Strongly Disagree 
74 30.9 
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Perceived Susceptibility 
Participants were asked to indicate to what extent they agreed or disagreed with 
statements relating to the perceived susceptibility of contracting an occupational illness. 
Thirty-six percent of the participants agreed that their chance of developing an occupational 
illness was great; 33.9% reported that they worry about getting an occupational illness; and 
32.3% indicated that they know people in this career field that have an occupational illness. 
Forty-four percent of the participants disagreed that small exposures to chemicals, viruses or 
noise will lead to an occupational illness, while 41.6% agreed that they can prevent an 
occupational illness. Additionally, 32.0% neither agreed nor disagreed that they had a chance of 
getting an occupational illness in their career. Table 8 provides detailed information about 
wastewater worker’s perceived susceptibility of contracting an occupational illness.  
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Table 8 
Profile of Perceived Susceptibility 
 
 
 
 
 
 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent 
(%) 
I believe my chances of 
developing an 
occupational illness are 
great. 
 
 
                                       
 
Strongly Agree 
 
 
                            
 
26 
 
 
                     
 
7.8 
 Agree 95 36.0 
 Neither agree nor Disagree 69 26.7 
 Disagree 65 24.6 
 Strongly Disagree 17 4.9 
I worry about getting an 
occupational illness. 
 
                                               
 
Strongly Agree 
 
                            
 
20 
 
                      
 
6.3 
 Agree 86 33.9 
 Neither agree nor Disagree 70 25.6 
 Disagree 71 24.7 
 Strongly Disagree 25 9.5 
I feel that I have a good 
chance of getting an 
occupational illness in my 
career. 
 
 
                                                
 
Strongly Agree 
 
 
                             
 
20 
 
 
                       
 
5.6 
 Agree 74 26.9 
 Neither agree nor Disagree 91 32.0 
 Disagree 69 26.9 
 Strongly Disagree 18 5.6 
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Table 8 (continued) 
Profile of Perceived Susceptibility 
 
 
 
 
 
 
 
 
 
Item Responses Frequency 
(n) 
Weighted Percent 
(%) 
I know people in this career 
field who have an 
occupational illness. 
 
    
 
Strongly Agree 
 
 
 
19 
 
 
 
6.8 
 Agree 92 32.3 
 Neither agree nor Disagree 57 23.2 
 Disagree 78 26.7 
 Strongly Disagree 26 10.9 
Small exposures to 
chemicals, viruses or noise 
won’t lead me to an 
occupational illness. 
 
 
  
Strongly Agree 
 
 
 
5 
 
 
 
1.6 
 Agree 32 9.8 
 Neither agree nor Disagree 52 19.2 
 Disagree 125 44.2 
 Strongly Disagree 58 25.3 
I can prevent an occupational 
illness. 
 
 
 
Strongly Agree 
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30.4 
 Agree 118 41.6 
 Neither agree nor Disagree 52 16.2 
 Disagree 26 9.3 
 Strongly Disagree 9 2.5 
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Perceived Severity 
Participants were asked to indicate to what extent they agreed or disagreed with 
statements relating to the perceived severity of contracting an occupational illness. The 
participants in this study agreed with the following statements:  The thought of getting an 
occupational illness deeply concerns me (36.8%); If I developed an occupational illness, my 
career would be in jeopardy (49.7%); Problems I would experience from an occupational illness 
would last a long time (43.0%); My financial security would be endangered if I developed an 
occupational illness (45.4%); and I believe I could die prematurely if I developed an 
occupational illness (44.4%). Thirty five percent of the respondents neither agreed nor disagreed 
that they are afraid to even think about getting an occupational illness. Additionally, 44.8% 
disagreed that an occupational illness would not lead to permanent changes in their health. Table 
9 provides detailed information about wastewater worker’s perceived severity of contracting an 
occupational illness.  
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Table 9 
Profile of Perceived Severity 
 
 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent 
(%) 
The thought of getting 
an occupational illness 
deeply concerns me. 
 
 
Strongly Agree 
 
 
21 
 
 
6.2 
 Agree 104 36.8 
 Neither agree nor Disagree 74 30.4 
 Disagree 56 19.4 
 Strongly Disagree 17 7.2 
If I developed an 
occupational illness, my 
career would be in 
jeopardy. 
 
 
 
Strongly Agree 
 
 
 
24 
 
 
 
7.6 
 Agree 131 49.7 
 Neither agree nor Disagree 68 25.5 
 Disagree 43 15.5 
 Strongly Disagree 6 1.6 
Problems I would 
experience from an 
occupational illness 
would last a long time.  
 
 
 
Strongly Agree 
 
 
 
31 
 
 
 
11.1 
 Agree 118 43.0 
 Neither agree nor Disagree 94 34.4 
 Disagree 23 9.6 
 Strongly Disagree 6 1.9 
An occupational illness 
would not lead to 
permanent changes in 
my health. 
 
 
 
Strongly Agree 
 
 
 
8 
 
 
 
2.6 
 Agree 27 10.5 
 Neither agree nor Disagree 69 23.9 
 Disagree 118 44.8 
 Strongly Disagree 50 18.1 
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Table 9 (continued) 
Profile of Perceived Severity 
 
 
 
 
 
 
 
 
 
 
Item Responses Frequency 
 (n) 
Weighted Percent  
(%) 
My financial security would be 
endangered if I developed an 
occupational illness. 
 
 
 
Strongly Agree 
 
 
 
61 
 
 
 
23.2 
 Agree 130 45.4 
 Neither agree nor Disagree 44 18.0 
 Disagree 31 11.6 
 Strongly Disagree 6 1.8 
I believe I could die prematurely 
if I developed an occupational 
illness. 
 
 
 
Strongly Agree 
 
 
 
32 
 
 
 
11.3 
 Agree 112 44.4 
 Neither agree nor Disagree 96 31.8 
 Disagree 24 8.8 
 Strongly Disagree 8 3.7 
I am afraid to even think about 
getting an occupational illness. 
  
 
 
 
         Strongly Agree 
 
 
 
18 
 
 
 
5.4 
 Agree 48 14.4 
 Neither agree nor Disagree 93 33.3 
 Disagree 88 14.4 
 Strongly Disagree 25 5.4 
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Cues to action 
Participants were asked to indicate to what extent they agreed or disagreed with 
statements relating to cues to action of the use of personal protective equipment. The results 
concerning each statement are as follows: 31.0% indicated that having their supervisor check on 
them would improve them wearing personal protective equipment; 48.2% agreed that knowing 
OSHA could fine them or their employer would improve their wear of personal protective 
equipment; 48.2% reported that posters in their facility would serve as important reminders to 
wear personal protective equipment; 37.3% agreed that the threat of disciplinary action is an 
important factor in wearing personal protective equipment; 53.3% reported that having personal 
protective equipment at the location of the hazard is critical to them wearing it; 59.4% indicated 
that seeing others wearing personal protective equipment, is a reminder for them to wear it; 
48.3% agreed that regular and frequent education on the importance of personal protective 
equipment will improve how often it is worn; and 48.9% agreed that their supervisor sets the 
example on wearing personal protective equipment when exposed to hazards. Only 31.0% 
neither agreed nor disagreed that a reminder from their supervisor everyday would be important 
to their wear of personal protective equipment. Table 10 provides detailed information about 
cues to action for PPE compliance. 
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Table 10 
Profile of Cues to Action 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent 
(%) 
A reminder from my 
supervisor every day 
would be important to 
my wear of personal 
protective equipment. 
 
 
 
 
Strongly Agree 
 
 
 
 
14 
 
 
 
 
6.5 
 Agree 69 21.1 
 Neither agree nor Disagree 78 31.0 
 Disagree 71 26.7 
 Strongly Disagree 40 14.6 
My supervisor checking 
on me would improve 
my wear of personal 
protective equipment. 
 
 
 
Strongly Agree 
 
 
 
12 
 
 
 
6.4 
 Agree 85 28.1 
 Neither agree nor Disagree 64 23.1 
 Disagree 79 31.1 
 Strongly Disagree 32 11.3 
The fact that OSHA 
could fine me or my 
employer for NOT 
wearing personal 
protective equipment is 
important. 
 
 
 
 
   
Strongly Agree 
 
 
 
 
 
50 
 
 
 
 
 
13.5 
 Agree 127 48.2 
 Neither agree nor Disagree 61 26.7 
 Disagree 22 10.0 
 Strongly Disagree 12 1.6 
Posters in my facility 
would serve as 
important reminders to 
wear personal 
protective equipment. 
 
 
 
 
Strongly Agree 
 
 
 
 
31 
 
 
 
 
13.5 
 Agree 142 48.2 
 Neither agree nor Disagree 70 26.7 
 Disagree 23 10.0 
 Strongly Disagree 6 1.6 
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Table 10 (continued) 
Profile of Cues to Action 
 
 
Item Responses Frequency 
(n) 
Weighted Percent 
(%) 
The threat of 
disciplinary action is 
an important factor in 
ensuring I wear 
personal protective 
equipment. 
 
 
 
 
 
Strongly Agree 
 
 
 
 
 
40 
 
 
 
 
 
16.7 
 Agree 107 37.3 
 Neither agree nor Disagree 57 20.9 
 Disagree 55 20.4 
 Strongly Disagree 13 4.6 
Having personal 
protective equipment 
at the location of the 
hazard is critical to 
making sure I wear it.  
 
 
 
 
Strongly Agree 
 
 
 
 
57 
 
 
 
 
23.3 
 Agree 148 53.3 
 Neither agree nor Disagree 40 14.4 
 Disagree 24 7.8 
 Strongly Disagree 3 1.2 
If I see others 
wearing personal 
protective equipment 
in my area, then it 
reminds me to use it.  
 
 
 
 
Strongly Agree 
 
 
 
 
39 
 
 
 
 
14.1 
 Agree 159 59.4 
 Neither agree nor Disagree 41 13.8 
 Disagree 29 11.5 
 Strongly Disagree 4 3.2 
Regular and frequent 
education on the 
importance of 
personal protective 
equipment serves to 
improve how often I 
wear it.  
 
 
 
 
 
 
Strongly Agree 
 
 
 
 
 
 
49 
 
 
 
 
 
 
22.8 
 Agree 143 48.3 
 Neither agree nor Disagree 51 17.5 
 Disagree 25 10.5 
 Strongly Disagree 4 1.0 
75 
 
 
Table 10 (continued) 
Profile of Cues to Action 
 
Self-efficacy 
Participants were asked to indicate to what extent they agreed or disagreed with 
statements relating to the self-efficacy of the use of personal protective equipment. The results to 
each of the statements are as follows: I am confident that I will remember to use personal 
protective equipment when I am exposed to work hazards at work (55.6%); I am confident that I 
can obtain the proper personal protective equipment when I am exposed to hazards at work 
(55.5%); I am confident that my job performance will NOT be impacted by wearing personal 
protective equipment (46.1%); I am confident that the personal protective equipment I use when 
I am exposed to hazards at work is the proper equipment to protect me (57.2%); and I am 
confident after wearing the proper personal protective equipment throughout my career will 
prevent me from getting an occupational illness (44.8%). Table 11 provides detailed information 
about self-efficacy of PPE compliance. 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent 
(%) 
My supervisor sets 
the example on 
wearing personal 
protective equipment 
when exposed to 
hazards. 
 
 
 
 
 
Strongly Agree 
 
 
 
 
 
49 
 
 
 
 
 
22.4 
 Agree 133 45.8 
 Neither agree nor Disagree 61 22.1 
 Disagree 15 4.8 
 Strongly Disagree 14 5.0 
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Table 11 
Profile of Self-Efficacy 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent 
(%) 
I am confident that I will 
remember to use personal 
protective equipment 
when I am exposed to 
work hazards. 
 
 
 
 
Strongly Agree 
 
 
 
 
84 
 
 
 
 
33.3 
 Agree 163 55.6 
 Neither agree nor Disagree 17 9.0 
 Disagree 6 1.5 
 Strongly Disagree 2 0.6 
I am confident that I can 
obtain the proper 
personal protective 
equipment when I am 
exposed to hazards at 
work. 
 
 
 
 
 
Strongly Agree 
 
 
 
 
 
92 
 
 
 
 
 
38.5 
 Agree 162 55.5 
 Neither agree nor Disagree 10 2.9 
 Disagree 6 2.5 
 Strongly Disagree 2 0.7 
I am confident that my 
job performance will 
NOT be impacted by 
wearing personal 
protective equipment. 
 
 
 
 
Strongly Agree 
 
 
 
 
65 
 
 
 
 
27.4 
 Agree 132 46.1 
 Neither agree nor Disagree 43 16.1 
 Disagree 24 8.1 
 Strongly Disagree 8 2.3 
I am confident that the 
personal protective 
equipment that I use 
when I am exposed to 
hazards at work is the 
proper equipment to 
protect me.  
 
 
 
 
 
 
Strongly Agree 
 
 
 
 
 
 
61 
 
 
 
 
 
 
25.4 
 Agree 167 57.2 
 Neither agree nor Disagree 32 13.7 
 Disagree 6 1.8 
 Strongly Disagree 6 1.8 
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Table 11 (continued) 
Profile of Self-Efficacy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent  
(%) 
I am confident that after 
wearing the proper 
personal protective 
equipment throughout 
my career will prevent 
me from getting an 
occupational illness.  
 
 
 
 
 
 
Strongly Agree 
 
 
 
 
 
 
36 
 
 
 
 
 
 
15.4 
 Agree 108 44.8 
 Neither agree nor Disagree 90 29.8 
 Disagree 32 8.8 
 Strongly Disagree 6 1.3 
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Results of Research Questions 
Research Question 1: To what extent are wastewater workers routinely wearing personal 
protective equipment (PPE) in their daily operations?  
A frequency analysis was used to determine if wastewater workers are routinely wearing 
personal protective equipment in their daily operations. The frequency distributions and 
percentages are presented in Table 5. Of the 272 respondents, 76.6% (n=217) answered “yes”, 
that they routinely wear personal protective equipment in their daily operations and 23.4% 
(n=55) indicated that they did not wear personal protective equipment in their daily operations.  
Research Question 2: To what extent are wastewater workers knowledgeable of the occupational 
hazards that they are exposed to in their daily operations?  
A frequency analysis was used to determine if wastewater workers are knowledgeable of 
the occupational hazards they are exposed to in their daily operations. The frequency 
distributions and percentages are presented in Table 5. When asked: Do you know there are 
occupational hazards/events that can cause injuries or harm to your health and the health of 
your worker, 97.7% (n=262) responded “yes” while 2.5% (n=10) responded “no”.  When 
participants were asked to mark the occupational exposures that they encounter, at least 70% 
marked every hazard (See Table 5). Only 53.8% indicated that burns and steams by vapor was an 
occupational hazard, 62.2% reported that are exposed to UV radiation, 66.4% reported that there 
are chronic poisoning in their daily operations, and 67.6 indicated musculoskeletal injuries was 
also an occupational hazard. 
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Research Question 3: What are the perceived benefits and barriers identified by wastewater 
workers regarding wearing PPE?  
 A frequency analysis was used to determine the perceived benefits and barriers identified 
by wastewater workers regarding wearing PPE. The frequency distributions and percentages are 
presented in Table 6 and Table 7. Fifty percent of the respondents agreed that wearing personal 
protective equipment will prevent future health problems. Fifty-one percent of the respondents 
also agreed that they benefit by wearing personal protective equipment. Participants also agreed 
that wearing personal protective equipment is uncomfortable (37.3%). 
Research Question 4: To what extent do wastewater workers have self-efficacy of PPE 
compliance?  
A frequency analysis was used to determine if wastewater workers have self-efficacy of 
PPE compliance. Overall, participants agreed to have self-efficacy of PPE compliance for each 
of the statements. The frequency distributions and percentages are presented in Table 11.  
Research Question 5: How does management impact PPE compliance?  
A frequency analysis and a simple regression model was used to determine how 
management impacts PPE compliance among wastewater workers. A total of 123 participants 
answered the management section. Participants who were supervisors or managers were asked to 
complete this section by indicating how often they impact PPE compliance in their workplace. 
Majority of the participants responded “always” to the following statements: How often do you 
ensure that personal protective is available for your employees? (68.9%); How often do you set 
the example on wearing personal protective equipment when being exposed to hazards? 
(53.6%); and How often do you enforce wearing personal protective equipment? (49.1%). The 
participants also responded “very often” to being aware of your employee’s compliance to 
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personal protective equipment (45.8%) and to providing regularly and frequent education on the 
importance of personal protective equipment (41.6%). Additionally, most participants responded 
that “sometimes” they threaten disciplinary action if personal protective equipment regulations 
are not followed (27.2%). The frequency distributions and percentages are presented in Table 12. 
 The simple regression model determined that one item from the management section of 
the survey had a negative association with PPE compliance (p<0.05). The findings from the item: 
How often do you set the example on wearing personal protective equipment when being exposed 
to hazards? determined that the response “sometimes” was a significant predictor for PPE 
compliance. This indicates that if managers set the example on wearing PPE when being exposed 
to hazards only sometimes, then PPE compliance will decrease. See Table 13 for the relationship 
between management and PPE compliance.  
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Table 12 
Profile of Management Responses 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Percentages based on completed responses (n = 123); *Indicates this response was not selected 
“Always” was used as the reference level; “Always” = 5 on the Likert scale 
 
 
Item Responses Frequency  
(n) 
Weighted Percent  
(%) 
How often do you 
enforce wearing PPE? 
 
Always 
 
68 
 
49.1 
 Very Often 40 39.9 
 Sometimes  13 8.8 
 Rarely  * * 
 Never 3 2.1 
How often do you set the 
example on wearing 
personal protective 
equipment when being 
exposed to hazards? 
 
   
 
 
 
Always 
 
 
 
 
 
76 
 
 
 
 
 
53.6 
 Very Often 35 35.4 
 Sometimes  10 9.3 
 Rarely  1 0.7 
 Never 1 0.9 
How often are you aware 
of your employee’s 
compliance to personal 
protective equipment? 
 
 
 
 
 
Always 
 
 
 
 
 
50 
 
 
 
 
 
37.9 
 Very Often 53 45.8 
 Sometimes  18 14.8 
 Rarely  2 1.5 
 Never * * 
How often do you 
threaten disciplinary 
action if personal 
protective equipment 
regulations are not 
followed? 
 
 
 
 
 
Always 
 
 
 
 
 
18 
 
 
 
 
 
15.1 
 Very Often 23 20.5 
 Sometimes  32 27.2 
 Rarely  19 11.7 
 Never 31 25.5 
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Table 12 (continued) 
Profile of Management Responses 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Percentages based on completed responses (n = 123); *Indicates this response was not selected 
“Always” was used as the reference level; “Always” = 5 on the Likert scale 
 
 
 
 
Item Responses Frequency  
(n) 
Weighted Percent  
(%) 
How often do you 
ensure that personal 
protective is available 
for your employees? 
 
 
 
Always 
 
 
 
85 
 
 
 
68.9 
 Very Often 23 22.6 
 Sometimes  12 6.4 
 Rarely  1 0.9 
 Never 2 1.2 
How often do you 
provide regular and 
frequent education on 
the importance of 
personal protective 
equipment? 
 
   
 
 
 
Always 
 
 
 
 
 
38 
 
 
 
 
 
26.5 
 Very Often 43 41.6 
 Sometimes  34 26.9 
 Rarely  3 1.9 
 Never 5 3.1 
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Table 13 
Simple Linear Regression Model of Management Impact as a predictor for PPE compliance 
Note: Management Sample Size (n=123); *Indicates that this response was not selected; Significant values are in bold (p < 0.05); # Significance are 
inconclusive due to low frequency (n=1 or 2) in the respective levels; “Always” was used as the reference level; “Always” = 5 on the Likert scale 
 
 
Item Responses Estimate Standard  
Error 
t value Significance 95% CI 
How often do you enforce 
wearing PPE? 
 
Always  
 
- 
 
- 
 
- 
 
- 
 
- 
 Very Often 0.35 0.47 0.75 0.47 (-0.67, 1.37) 
 Sometimes  -0.72 0.72 -1.00 0.34 (-2.29, 0.85) 
 Rarely  * * * * * 
 Never 0.90 1.81 0.63 0.63 (-3.05, 4.85) 
 Intercept 3.58 0.40 9.05 <0.0001 (2.72, 4.45) 
How often do you set the 
example on wearing 
personal protective 
equipment when being 
exposed to hazards? 
 
   
 
 
Always 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 Very Often -0.13 0.29 -0.44 0.66 (-0.76, 0.50) 
 Sometimes  -1.81 0.43 -4.25 0.00 (-2.73, -0.88) 
 Rarely#  1.14 0.34 3.38 0.01 (0.41, 1.87) 
 Never# 3.14 0.34 9.32 <0.0001 (2.41, 3.87) 
 Intercept 3.86 0.34 11.46 <0.0001 (3.13, 4.59) 
How often are you aware of 
your employee’s 
compliance to personal 
protective equipment? 
 
 
 
Always 
 
 
 
- 
 
 
 
- 
 
 
 
- 
 
 
 
- 
 
 
 
- 
 Very Often 0.15 0.97 0.15 0.88 (-1.97, 2.27) 
 Sometimes  0.10 1.20 0.08 0.94 (-2.52, 2.71) 
 Rarely  1.09 2.50 0.44 0.67 (-4.35, 6.53) 
 Never * * * * * 
 Intercept  3.59 0.64 5.58 0.00 (2.19, 4.99) 
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Table 13 (continued) 
Simple Linear Regression Model of Management Impact as a predictor for PPE compliance 
Note: Management Sample Size (n=123); *Indicates that this response was not selected; Significant values are in bold (p < 0.05); # Significance are 
inconclusive due to low frequency (n=1 or 2) in the respective levels; “Always” was used as the reference level; “Always” = 5 on the Likert scale 
Item Responses Estimate Standard  
Error 
t value Significance 95% CI 
How often do you threaten 
disciplinary action if 
personal protective 
equipment regulations are 
not followed? 
 
 
 
 
 
Always 
 
 
 
 
 
- 
 
 
 
 
 
- 
 
 
 
 
 
- 
 
 
 
 
 
- 
 
 
 
 
 
- 
 Very Often 0.21 0.85 0.25 0.81 (-1.64, 2.05) 
 Sometimes  1.13 1.09 1.04 0.32 (-1.23, 3.50) 
 Rarely  0.23 0.80 0.28 0.78 (-1.52, 1.98) 
 Never -0.07 0.60 -0.11 0.91 (-1.38, 1.24) 
 Intercept 3.32 0.69 4.79 0.00 (1.81, 4.84) 
How often do you ensure 
you have personal protective 
equipment available for your 
employees? 
 
   
 
 
Always 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 Very Often 0.08 0.54 0.16 0.88 (-1.08, 1.25) 
 Sometimes  -1.13 0.60 -1.89 0.08 (-2.43, 0.17) 
 Rarely#  3.31 0.36 9.31 <0.0001 (2.54, 4.09) 
 Never# 1.81 0.36 5.09 0.00 (1.04, 2.59) 
 Intercept 3.69 0.36 10.36 <0.0001 (2.91, 4.46) 
How often do you provide 
regular and frequent 
education on the importance 
of personal protective 
equipment? 
 
 
 
 
Always 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 
 
 
 
- 
 Very Often 0.52 1.22 0.43 0.68 (-2.13, 3.18) 
 Sometimes  0.34 0.90 0.38 0.71 (-1.62, 2.31) 
 Rarely  1.96 1.55 1.26 0.23 (-1.42, 5.34) 
 Never -0.42 0.69 -0.62 0.55 (-1.92, 1.08) 
 Intercept 3.35 0.65 5.15 0.00 (1.93, 4.77) 
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Research Question 6: Is there a significant relationship between PPE compliance and perceived 
susceptibility and perceived severity to contracting an occupational illness among wastewater 
workers?  
 A simple linear regression analysis was conducted to determine if there was a significant 
relationship between PPE compliance, perceived susceptibility and perceived severity of 
contracting an occupational illness among wastewater workers. A positive significant association 
was made between perceived susceptibility, perceived severity, and PPE compliance (p < 0.05). 
Therefore, as perceived susceptibility and perceived severity of an occupational illness increases, 
then PPE compliance will increase. See Table 14 for the significant relationship between PPE 
compliance, perceived susceptibility, and perceived severity.  
Research Question 7: How do cues to action correlate with PPE compliance among wastewater 
workers?  
 A simple linear regression analysis was conducted to determine if there was a significant 
relationship between PPE compliance and cues to action. Cues to action was not significantly 
associated with PPE compliance among wastewater workers. See Table 14 for the relationship 
between PPE compliance and cues to action. 
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Table 14 
Simple  Linear Regression Model of HBM constructs and Background and Organizational Factors 
as predictors for PPE compliance 
 
Note: Significant values are in bold (p < 0.05) 
 
 
 
 
 
 
 
 
 
 
Predictors Estimate Standard 
Error 
t Value Sig. 95% CI 
Intercept 2.74 0.42 6.57 <0.00 (1.84, 3.64) 
Knowledge 0.05 0.04 1.5 0.16 (-0.02, 0.13) 
Intercept 4.00 0.61 6.54 <0.00 (2.68, 5.31) 
Experience -0.14 0.13 -1.08 0.30 (-0.41, 0.14) 
Intercept 2.48 1.27 1.95 0.07 (-0.26, 5.23) 
Perceived Benefits 0.06 0.08 0.73 0.48 (-0.12, 0.24) 
Intercept 4.00 0.94 4.25 0.00 (1.97, 6.03) 
Perceived Barriers -0.03 0.04 -0.78 0.45 (-0.11, 0.05) 
Intercept 0.59 1.01 0.58 0.57 (-1.59, 2.76) 
Perceived Susceptibility 0.16 0.05 2.86 0.01 (0.04, 0.27) 
Intercept -1.08 0.97 -1.12 0.28 (-3.17, 1.01) 
Perceived Severity 0.20 0.05 4.41 0.00 (0.10, 0.30) 
Intercept 1.83 0.92 1.99 0.07 (-0.16, 3.81) 
Cues to Action 0.05 0.03 1.71 0.11 (-0.01, 0.11) 
Intercept 2.14 1.14 1.87 0.08 (-0.33, 4.61) 
Self-Efficacy 0.06 0.06 1.09 0.30 (-0.06, 0.19) 
Intercept 3.68 1.91 1.93 0.08 (-0.48, 7.84) 
Management 0.00 0.08 0.00 1.00 (-0.17, 0.17) 
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Research Question 8: How do individual factors (knowledge level & years of experience) affect 
the relationship between PPE compliance and perceived susceptibility and perceived severity of 
an occupational illness among wastewater workers?  
 An adjusted multiple linear regression analysis was conducted to determine if there was a 
significant relationship between individual factors, perceived susceptibility and perceived 
severity as predictors of PPE compliance. The results determined that perceived severity had a 
positive association with PPE compliance after controlling for all other factors (p<0.05), while 
the other constructs from the HBM, knowledge level, experience, and management were not 
statistically significant. Therefore, if perceived severity increases, then compliance to personal 
protective equipment will also increase. In the simple linear regression model, perceived 
susceptibility was statistically significant before controlling for all other factors. This indicates 
that knowledge level and experience confound the relationship between perceived susceptibility 
and PPE compliance. See Table 15 for details on the relationship between individual factors, 
perceived susceptibility and perceived severity. 
Table 15 
Multiple Linear Regression Model of the relationship between PPE compliance, HBM 
constructs, and Individual Factors 
Note: Significant values are in bold (p <0.05) 
 
Predictors Estimate Standard 
Error 
t Value Sig. 95% CI 
Intercept -3.52 1.34 -2.63 0.02 (-6.46, -0.60) 
Experience -0.07 0.15 -0.48 0.64 (-0.40, 0.26) 
Knowledge 0.04 0.06 0.66 0.52 (-0.08, 0.16) 
Perceived Susceptibility 0.11 0.06 1.81 0.10 (-0.02, 0.24) 
Perceived Severity 0.20 0.06 3.17 0.01 (0.06, 0.33) 
Perceived Benefits -0.02 0.16 -0.11 0.92 (-0.37, 0.33) 
Perceived Barriers 0.02 0.04 0.51 0.62 (-0.07, 0.11) 
Cues to Action  -0.03 0.03 -0.90 0.39 (-0.09. 0.04) 
Self-Efficacy  0.05 0.06 0.45 0.63 (-0.18, 0.27) 
Management 0.02 0.06 0.24 0.81 (-0.12, 0.15) 
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Hypothesis Findings 
Hypothesis: Do individual and organizational factors influence wastewater worker’s beliefs and 
practices on wearing personal protective equipment? 
Individual factors, such as knowledge level and experience, were not significant 
predictors for PPE compliance among wastewater workers. Overall, organizational factors, such 
as managers and supervisors, was not a significant predictor for PPE compliance among 
wastewater workers. Moreover, there was a negative association between managers setting the 
example when being exposed to hazards sometimes and PPE compliance. This finding 
determined that PPE compliance will decrease if managers only set the example for wearing PPE 
sometime. Details on these findings are in Table 13, Table 14, and Table 15. 
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CHAPTER 5 
SUMMARY, DISCUSSION, CONCLUSIONS, AND FUTURE RESEARCH 
 The present study used a self-reporting survey that used the constructs from the Health 
Belief Model, to assess wastewater worker’s compliance with personal protective equipment. 
This chapter discusses the summary of the results, the conclusion, the future recommendations 
for increasing PPE compliance in the wastewater industry as well as future recommendations for 
further research, and how this study impacts health policy.  
Summary 
 In this study, consisting of wastewater workers at different facilities across the southeast, 
participants responded to inquiries concerning their knowledge, beliefs, and practices on their 
compliance with personal protective equipment. Data from this study was collected through a 
self-reported survey to assess knowledge of PPE and occupational exposures and beliefs and 
practices on wearing PPE. The survey was administered in-person to wastewater facilities in 
Georgia and by email to participating wastewater facilities in Alabama, Florida, Mississippi, 
North Carolina, South Carolina, and Tennessee. A total of 272 wastewater workers participated 
in the study. The survey was distributed between April 2018 and July 2018.  
 Participants were asked four questions to assess their knowledge of required PPE and 
knowledge of occupational exposures that they encounter in their daily operations. Compliance 
with personal protective equipment was measured by one question asking participants if they 
wear PPE every time they are at work. Responses were indicated as “yes” or “no”. Of the 272 
participants, 76.6% (n=217) indicated “yes” that they do wear PPE every time they are at work, 
and 23.4% (n=55) indicated they did not wear PPE every time they are at work. Participants were 
asked to mark the PPE that was mandatory for them to use through a multiple response question. 
The participants reported that they are required to use safety shoes (74.2%), gloves (69.4%), 
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safety goggles (55.5%), and a hard hat (43.7%). Knowledge of the occupational exposures that 
they encounter at work was measured by one question. Of the 272 participants, 97.7% (n=262) 
indicated “yes” that they know there are occupational exposures at their job that can cause harm 
to their health, while 2.5% (n=10) indicated they did not know there were occupational 
exposures at their job that can cause harm to their health. Participants were also asked to mark 
the occupational exposures that can cause harm to their health. Over 50% of the participants 
marked every occupational exposure as a hazard that they know can affect their health.  
 From the perceived benefits scale (4 items), the majority of the participants agreed and 
strongly agreed that they benefit by wearing personal protective equipment. The participants 
agreed (50.0%) that PPE will prevent future health problems, PPE prevents exposures to hazards 
on the job (55.2%), and wearing PPE reduces their concern of getting an occupational illness 
(33.2%). On the perceived barriers scale (8 items), participants shockingly only reported 
uncomfortableness as a barrier to not wearing personal protective equipment (37.3%). 
 On the perceived susceptibility scale (6 items), the participants reported that they agree 
they have a strong chance of developing an occupational illness (36.0%), they worry about 
getting an occupational illness (33.9%), but they also feel that they can prevent an occupational 
illness (41.6%). Some of the respondents also reported knowing people who have developed an 
occupational illness in this career field (32.3%). Seven items measured the perceived severity of 
developing an occupational illness. Several of the participants agreed that an occupational illness 
can affect them financially (45.4%), professionally (49.7%), and through death (44.4%). 
Additionally, participants also disagreed that an occupational illness will not lead to permanent 
changes in their health (44.8%). 
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 In general, on the cues to action scale (9 items), the participants agreed with the 4 out of 
the nine items on the scale. Participants agreed that reminders from posters or signs (48.2%), 
daily checks from supervisors (28.1%), and education and training on the importance of PPE will 
help them with their PPE compliance (48.3%). Participants also reported that they agree that 
disciplinary action (37.3%) and seeing their fellow workers wear PPE will also improve their 
PPE compliance (59.4%). Similarly, to the cues to action scale, the majority (>50%) of the 
participants agreed with 3 of the five items on the self-efficacy scale. A handful of participants 
agreed that wearing PPE will prevent them from getting an occupational illness in their career 
(44.8%).  
 The management section consisted of 6 items that were answered by 123 of the 
participants. The only participants who responded to this section were supervisors or managers.  
The majority of the participants indicated that they always ensure that personal protective 
equipment is available for their employees (68.9%), that they set the example on wearing 
personal protective equipment (53.6%), and that they always enforce wearing personal protective 
equipment (49.1%). They also reported that “very often” they are aware of their employee’s 
compliance to personal protective equipment (45.8%) and they provide their employee’s frequent 
education and training to their employees on the importance of personal protective equipment 
(41.6%). Additionally, participants reported that they only threaten disciplinary action when 
personal protective equipment is not worn “sometimes” (27.2%).  
 When asked which training they had received in their career on personal protective 
equipment an overwhelming majority (90.7%) of the participants reported that they had received 
basic safety training.  Additionally, 69.6% of the participants had received familiarization 
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training, and 64.0% had received hazard communication training. Only 44.0% of the participants 
reported that they had received advanced PPE training. 
 The major findings of this study were that perceived susceptibility and perceived severity 
were positively associated with personal protective equipment (p<0.05). This is an implication 
that as perceived susceptibility and perceived severity increases among wastewater workers, then 
the need to wear personal protective equipment will also increase. There was no statistical 
significance between cues to action and PPE compliance among wastewater workers. After 
controlling for other factors, knowledge level, experience, management, and perceived 
susceptibility were also not statistically significant.  Furthermore, when controlling for all other 
factors, only perceived severity was positively associated with PPE compliance. These results 
determined that knowledge level and experience were confounders that affected the association 
between perceived susceptibility and PPE compliance, but they did not have significant effect on 
PPE compliance. Additionally, managers setting the example for wearing PPE sometimes when 
being exposed to hazards was also negatively associated with PPE compliance. This finding 
indicates that mangers setting the example on wearing PPE sometimes when being exposed to 
hazards, will decrease PPE compliance among wastewater workers.  
Limitations 
1) The study is a cross-sectional study, so causation was not established. 
2) The study was limited to self-reporting of all responses in the instrument.  
3) The study was also subject to non-response and social-desirability bias.  
4) The sample of participants was small (n = 272) in comparison to all the wastewater 
workers in this region.  
5) The study had a low response rate (25%). 
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6) The low cronbach’s alpha score from the perceived susceptibility scale (α=0.51) could 
have caused perceived susceptibility to have a positive association with PPE compliance.  
7) The study used convenience sampling, so precaution should be exercised in generalizing 
these results. 
Discussion 
Wastewater treatment is a vital component in any community without which water-borne 
pathogens can spread resulting in diseases and degradation of receiving water bodies (Akpor, 
2011).  Wastewater treatment plant workers are responsible for the day to day operation and 
treatment of wastewater of their facility. Hazards exist in every workplace in many different 
forms: sharp edges, falling objects, flying sparks, chemicals, noise, and a myriad of other 
potentially dangerous situations (Occupational Health and Safety Administration, 2004). 
Wastewater treatment plants workers are exposed to various biological, physical, and chemical 
hazards (Albatanony et al., 2011). Engineering controls and work practices to reduce 
occupational exposures in this industry is imperative. At times, engineering controls to reduce 
occupational exposures is not enough; and then the use of personal protective equipment is 
necessary. Employees should be properly trained on the purpose, use, and necessity of personal 
protective equipment.   
 Management also plays a key role in ensuring that their workers comply with PPE 
regulations. Employees must be made aware that safety is part of the companies normal 
operating procedures, and that noncompliance cannot be tolerated because injuries or deaths 
must be prevented at all cost (Farooqui, 2009). It is essential for management to always enforce 
compliance with personal protective equipment to reduce exposures to occupational hazards. 
This study reported that several managers always enforce wearing personal protective equipment 
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(55.3%). The managers and supervisors from this study reported that they threaten disciplinary 
action if personal protective equipment regulations are not followed only some of the time. They 
also reported that very often they are aware of their employee’s compliance to personal 
protective equipment and that they very often provide frequent education and training on the 
importance of personal protective equipment. Majority of the participants corroborated with this 
finding by indicating they had received the basic safety training on personal protective 
equipment (90.7%), while only a small percentage of respondents had indicated that they had 
received advanced training on personal protective equipment (44.0%). Considering this finding, 
providing more wastewater workers with advanced training on personal protective equipment 
could help them to be more compliant to PPE regulations.  
The purpose of this study was to determine knowledge of personal protective equipment 
that is required by wastewater workers, knowledge of occupational exposures in the wastewater 
industry, and to identify wastewater worker’s beliefs and practices on wearing personal 
protective equipment. This research looked at different wastewater facilities across the southeast 
region of the United States. A total of 272 wastewater workers participated in this study. 
Results from this study showed that wastewater workers were very knowledgeable of the PPE 
that is required in their daily operations, as well as being very knowledgeable of the occupational 
exposures that come from working in the wastewater industry. One finding that was shocking, 
was that wastewater workers reported that they are knowledgeable of the respiratory issues at 
their facility (80.8%), but only 27.8% of the participants indicated that respirators or face masks 
are required to wear at their facility. As mentioned earlier, transmission via inhalation of 
aerosolized EBOV particles is a potential risk for wastewater workers, so wearing respirators and 
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face masks is essential to protect wastewater workers from different respiratory issues (Haas et 
al., 2017; Le et al., 2017). 
This study also used the HBM to determine perceived benefits, perceived barriers, cues to 
action and self-efficacy were not predictors of PPE compliance. Most workers agreed that they 
wear PPE every day in their daily operations, but they also agreed that PPE is uncomfortable. 
Overall, this study indicated that many wastewater workers are more compliant and have a 
higher probability to wear personal protective equipment when perceived severity is increased.  
Comparison to Similar Studies 
 This study found that most components of the HBM (perceived barriers, perceived 
benefits, cues to action and self-efficacy) were not associated to PPE compliance.  Participants 
perceiving the severity and susceptibility of contracting an occupational illness were more 
compliant to wear personal protective equipment. Background factors of knowledge and 
experience had no significant correlation with PPE compliance and perceived susceptibility. 
Cues to action was also slightly insignificant in relation to PPE compliance among wastewater 
workers. 
 Personal protective equipment can be defined as protective clothing, helmets, goggles, or 
other garment designed to protect the wearer's body or clothing from injury by electrical hazards, 
heat, chemicals, and infection, for job-related occupational safety and health purposes (Farooqui, 
2009). In the present study, the PPE most often used were safety shoes (74.2%), gloves (69.4%), 
safety goggles (55.5%), and hard hat (43.7%). Consistent with present findings, Jallow et al. 
(2017) reported that most farm workers indicated that they most often used protective gloves 
(61%), hats (42%), and glasses/goggles (48%), but majority (58%) of the farmers did not use any 
PPE when mixing or spraying pesticides. Also consistent with present findings, Tanko et al. 
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(2012) reported the PPE that was provided most of the time to the construction workers in 
Nigeria, and this included: gloves (50%), boots (90%) and helmet (73%).  
Findings in this study indicated that wastewater workers were knowledgeable of 
mandatory PPE that is required and occupational exposures that they encounter in their daily 
operations. Consistent with these findings, Izudi et al. (2017) study indicated that prior 
knowledge of safety measures increased use of PPE. Essentially, ignorance and inadequate 
health and safety information are dual factors that contribute substantially to poor safety 
practices at construction sites (Izudi et al., 2017). 
The perceived barriers listed in the present study, in general, were inconsistent with 
findings from similar studies. A study that was conducted by Efstathiou et al. (2011) on nurses’ 
compliance to Standard Precautions reported the following barriers to non-compliance: non-
availability of equipment, uncomfortableness of gloves, and interference with job skills. The 
participants also admitted that they were not willing to or capable (self-efficacy) of altering their 
current practice because that was the way they were trained or accustomed to doing. A study by 
Jallow et al. (2017) indicated similar results. They reported that most farmworkers listed the 
main reasons for not using PPE were lack of availability when needed (35%), and PPE being 
uncomfortable in the local hot and humid climate (90%), too expensive (65%), and slowing you 
down (29%). In the present study, only uncomfortableness of wearing PPE was consistent with 
previous studies.   
 Contradictory with present findings, Yousafzai et al. (2015) found a negative correlation 
between perceived disease severity (risk of bloodborne infection) and compliance with Universal 
Precautions (UP). The researchers of the study mentioned discovered that the most plausible 
explanation for this finding was reverse causality; meaning those who do not comply with UP 
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are more likely to sustain needle stick or sharp injuries thereby increasing the perception 
regarding risk of blood borne infections. The current study found a positive correlation between 
perceived severity of contracting an occupational illness and compliance with PPE guidelines; 
which indicates that as perceived severity increases, compliance with PPE will increase as well. 
As the perception about the severity or risk of a certain condition or disease increases, the 
likelihood of taking preventive measures should also presumably increase (Yousafzai et al., 
2015). Consistent with present findings, Malaguti et al. (2008) reported that nearly all the study 
participants realized that they were susceptible to contracting some pathogens or diseases, and 
they described that the pathogen infection might cause health problems such as the development 
of chronic diseases, the risk of developing generalized infections or skin injuries, and even may 
lead to death. In a similar study, nurses also reported they comply with Universal Precautions 
because they fear that they or their family might be at risk of being infected if they do not take 
necessary precautions (Efstathiou et al., 2011). 
In the present study, in general, several participants agreed that cues to action would aid 
in them wearing personal protective equipment. A study that used the HBM to assess compliance 
to Universal Precautions reported that continuous reminders and continuous education on 
precautionary measures and when they should be used was also considered as an important factor 
for improving compliance (Efstathiou et al., 2011). Farooqui (2009) also reported that constantly 
stressing the importance of safety by providing short videos, statistics, and posted reminders 
everywhere can be another method of improving the PPE compliance.  
Training employees in safety measures are vital in increasing their knowledge, 
competence, and use of safety measures at the workplace (Izudi et al., 2017). The majority 
(90.7%) of the participants in this study had received the basic safety training on personal 
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protective equipment. According to research conducted by Tanko et al. (2012), construction 
workers indicated that PPE is issued daily most of the time and 93.3% of the respondents 
indicated that instructions on wearing PPE is the most common type of PPE training they 
receive. Also consistent with the present findings, was a study conducted by Farooqui (2009) on 
construction workers and PPE compliance in South Florida. In this research, few responses 
(18%) had indicated that workers had not received training on the use of personal protective 
equipment. In another study that involved farmworkers and pesticide use, the findings were 
inconsistent with the present research regarding safety training. The majority (64%) of the 
farmers had not received any training or technical support on the judicious use and safe handling 
of pesticides, while 36% were trained (Jallow et al., 2017). Reminding the employee that their 
safety is a major concern for the company is extremely important for improving their level of 
commitment to safety procedures (Farooqui, 2009). 
Findings from the present research regarding management commitment towards PPE 
enforcement is consistent with other research. The managers reported that they enforce PPE 
always (49.1%), they provide frequent education and training on the importance of PPE very 
often (41.6%), and they threaten disciplinary action sometimes when PPE regulations are not 
followed (27.2%). In other studies, researchers encourage supervision to ensure that PPE is 
comfortable and to always check, maintain and replace PPE to improve the practice of wearing 
PPE (Tanko et al., 2012). Farooqui (2009) also emphasized the importance of enforcing 
employees to comply with the use of PPE through disciplinary action, incentives, and education.  
Conclusion 
Based upon data collected in this study, it was concluded that wastewater workers are 
very cognizant of the PPE requirements and occupational exposures that are associated with 
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working in the wastewater industry. The most frequently reported responses of required PPE at 
the participant’s facilities were safety shoes (74.2%), gloves (69.4%), and safety goggles 
(55.5%). Majority of the wastewater workers had received the basic safety training on wearing 
personal protective equipment (90.7%).  
Also, the findings in this research determined that the Health Belief Model is a successful 
behavior change model that identifies wastewater workers’ knowledge, beliefs and practices on 
wearing personal protective equipment. Participants only reported uncomfortableness as a barrier 
with PPE compliance, but in general, they felt that wearing PPE is beneficial to their health. The 
results of this study indicated that perceived susceptibility and perceived severity were the 
strongest predictors of PPE compliance among wastewater workers (p<0.05). Even though cues 
to action was not a statistically significant predictor for PPE compliance, several participants 
indicated that cues to action will aid in them complying with PPE regulations as well. 
Multivariable analysis findings showed perceived severity to have a positive association with 
PPE compliance after adjusting for other variables; which indicates that as perceived severity 
increases then PPE compliance will increase. Simple linear regression analysis also determined 
that mangers setting the example on wearing PPE sometimes when being exposed to hazards has 
a negative association with PPE compliance. This finding implies that if managers only set the 
example sometimes when being exposed to hazards, then PPE compliance will decrease among 
wastewater workers. Although generalizability may be limited, hopefully, the study results will 
provide valuable insights and knowledge about the importance of enforcing personal protective 
equipment compliance in the wastewater industry.  
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Future Recommendations for PPE compliance in the Wastewater Industry 
 Based on the findings of this research, there are several implications for enforcing 
personal protective equipment compliance in the wastewater industry. It is evident that it is 
imperative for wastewater workers to comply with PPE regulations due to the different 
occupational exposures that are associated with the wastewater industry.  
 Emphasizing the importance of PPE starts with safety training. Evidence for the 
effectiveness of safety training in the promotion of personal protection equipment is 
contradictory, and it is likely that local factors including the quality and content of safety training 
and the receptivity of the audience may vary in different local contexts (MacFarlene et al., 2013). 
The employer should not only provide the time and subject matter of the training but somehow 
should create an environment conducive to learning (Farooqui, 2009). Another important aspect 
of safety training would be the implementation of a PPE compliance monitoring program. This 
program should address the hazards present; the selection, maintenance, and use of PPE; the 
training of employees; and monitoring of the program to ensure its ongoing effectiveness 
(Occupational Safety and Health Administration, 2016). 
 Employers can also provide positive and negative consequences when employees comply 
or do not comply with PPE regulations. The failure of punitive action to influence behavior 
creates an opportunity for health promotion and education to discover ways to bring about 
successful behavior change through promoting the rewards of compliance as those rewards are 
perceived by each employee (Wall, 2009). Even though it is frowned upon, disciplinary action 
may be necessary to force employees to wear PPE. On the contrary, employees who do abide by 
PPE regulations should be awarded an incentive, with hopes of increasing more workers to wear 
PPE.  
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 Furthermore, it is necessary for OSHA to elaborate on the 29 CFR Standard by adding 
regulations specifically for the wastewater industry. To date, there are specific regulations for the 
construction industry, maritime, and the agriculture industry. The Occupational Safety and 
Health Administration stated that construction workers engage in many activities, similar to the 
same activities that wastewater workers engage in, that may expose them to serious hazards, such 
as unguarded machinery, electrocutions, silica dust, and asbestos (OSHA, 2018). OSHA also has 
developed “Recommended Practices for Safety and Health Programs in Construction” as a 
guideline to improve occupational health and safety practices at construction sites. The only 
emphasis that has been placed on the safety of wastewater workers was after the persistence of 
EBOV in sewage waters that led to wastewater facilities. Statistical and basic information about 
some of the occupational diseases is not available due to lack of awareness, diagnostic problem 
and insufficient attention to these diseases (Davoodi et al., 2017). Additionally, long-term data 
will have to be compiled to determine the occupational exposures and occupational illnesses that 
are contracted from working in this industry. Once this information is determined, further 
decisions should be made to be able to recognize disease patterns and make decisions to prevent 
them. 
Recommendations for Further Research 
 Based on this study, the following recommendations are suggested for further research. 
Data for this study was collected online and in person during the months of April 2018 to July  
2018. Future efforts may examine the extension of the time frame for this study to increase 
respondents. One way to increase the response rate, would be to offer an incentive for the 
participants. 
 Further research should look at providing a behavior change intervention. The 
intervention would have two different stages: before training and after training. The survey 
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would be administered before training to determine wastewater workers’ knowledge, beliefs, and 
practices towards wearing PPE. The intervention would involve PPE training and addressing the 
barriers that hinder wastewater workers from wearing PPE. After the wastewater workers have 
had the training, the survey should be administered again to determine if there was a significant 
behavior change. Considering the findings from this research, behavior change interventions 
should focus on increasing perceived susceptibility and perceived severity of contracting an 
occupational illness, as well as utilizing cues to action to increase PPE compliance among the 
workers in this industry. To increase perceived susceptibility and perceived severity, there should 
be increased education on occupational illnesses that can develop from working in this industry. 
The educational intervention should address modes of transmission, preventative measures, and 
negative outcomes if wastewater workers are non-compliant to PPE regulations. The intervention 
should also focus on using cues to action (i.e., posters, continuous reminders, training) as tools to 
constantly promote the use of wearing PPE. Promoting the use of wearing PPE and educating 
wastewater workers on the importance of wearing PPE to reduce exposures to occupational 
hazards, may help increase the worker’s perceived benefits and self-efficacy, which will result in 
increasing PPE compliance among these workers. Given the seriousness of the occupational 
illness problem in the United States and globally, dedicating more research to long-term worker 
behavior change is essential (Wall, 2009). 
 Furthermore, other research efforts should focus on examining the similarities and 
differences of PPE safety training between different facilities. Some of the respondents that were 
more  compliant with wearing PPE may have had more extensive training than the respondents 
who are not compliant with wearing PPE. Also, some states may emphasize the importance of 
wearing PPE in comparison to other states.  
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Finally, further research should consider conducting a prospective study to determine if 
non-compliance with PPE can cause an occupational illness in wastewater workers. There is little 
information about the long-term effects of exposure to chemicals and blood-borne pathogens 
have on a worker’s health. Statistical and basic information about some occupational diseases are 
not available due to lack of awareness, diagnostic problems and insufficient attention to these 
diseases (Davoodi et al., 2017). Understanding the possible exposures and outcomes that are 
associated with non-compliance to PPE will allow local, state, and federal officials to understand 
the importance of emphasizing PPE compliance in this occupation.  
Contribution of the Study Findings to National Occupational Research Agenda 
The National Occupational Additional Research Agenda (NORA) is a partnership 
program under NIOSH that stimulates innovative research and improved work practices. NORA 
has been impacting workforces since 1996 through several publications, which have influenced 
changes in workplace safety (NIOSH, 2011). Hopefully, this research will influence partnership 
programs such as NORA to address safety issues that affect workers in the wastewater industry. 
NORA groups industries in ten sectors; the sector that addresses occupational and safety 
issues in the wastewater industry is titled “Transportation, Warehouse, and Utilities” (TWU). 
The NORA Transportation, Warehousing, and Utilities Council focuses on identifying the 
knowledge and actions most urgently needed to identify occupational risk factors to prevent 
avoidable adverse health outcomes among workers (NIOSH, 2018). The TWU Council recently 
released ten overarching strategic objectives for the nation to achieve over the next decade 
(Councils, 2018). The ten broad research objectives from the TWU Council (Councils, 2018) are 
listed below: 
1) Reduce deaths and injuries among TWU workers 
2) Reduce musculoskeletal disorders among TWU workers 
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3) Promote and improve the health and well-being of TWU workers 
4) Increase knowledge about the association between TWU worker exposures and 
adverse health outcomes, and effective prevention and control strategies 
5) Increase knowledge about the role of worker characteristics and impairment on TWU 
worker safety, health and well-being, and effective prevention strategies 
6) Encourage Prevention through Design 
7) Proactively address the safety implications of emerging technology 
8) Support safe workplaces through organizational-level factors, programs, and 
measures 
9) Increase understanding of how changes in the economy affect the safety and well-
being of TWU workers 
10) Foster translation of research into practice to improve the health and well-being of 
TWU workers 
 
NORA’s objectives from the past decade (2006-2016) have encouraged researchers to 
focus on discovering solutions to emerging issues regarding worker safety and occupational 
health (Fleming et al., 2008; Marra et al., 2009; Morrow et al., 2010; Helmkamp et al., 2013).  
Overall, all ten objectives listed above correlate with occupational and safety issues that are 
slowly becoming evident in the wastewater industry; but the objectives that correlate closely to 
this current research are objective number’s 4, 8, and 10. Objective 4 focuses on increasing 
knowledge about the association between occupational exposures and adverse health outcomes. 
The TWU council is suggesting that research should be conducted to evaluate the effectiveness 
and substitution of hazards, use of engineering and administrative controls, and effective use of 
PPE (Councils, 2018). Objective 8 focuses on identifying the most effective strategies (i.e., 
education and training, health policy, theoretical-based interventions) to continuously assess, 
monitor and ensure the ongoing effectiveness for protecting workers in the TWU organizations.  
Additionally, objective 10 focuses on bridging the gap between research and practice through the 
use of practical tools and interventions to improve health and well-being of TWU workers. In 
summary, future research on workers in the wastewater industry and in NORA’s TWU sector 
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will hopefully bridge research gaps between occupational risk factors and prevention of adverse 
health outcomes among workers.  
Implications for Public Health Policy and Practice 
 This research focused on the beliefs and practices that hinder wastewater workers from 
being compliant with personal protective equipment. As mentioned previously, there are 
guidelines provided by OSHA and the CDC which provide guidance to wastewater workers in 
this industry. Discussing with workers about OSHA’s rules and regulations, the cost of injuries, 
downtime and most importantly their own personal safety, will all help (Farooqui, 2009). From 
the data discovered in this research, there is a need for stricter health policies and training 
procedures to protect the health of workers in this industry. The results of this research intend to 
aid in the development of a health policy analysis on the guidelines in this occupation. 
Specifically, this research intends to emphasize the need for OSHA to develop PPE guidelines 
specifically for this occupation, as well as emphasize the importance of safety training within the 
organizations. 
 A health and safety program that is becoming more widespread in organizations is the 
Occupational Health and Safety Management System (OHSMS). OSHMS promotes safe and 
health practices and methods within the work environment, and it can be considered as a 
systematic approach for addressing occupational problems faced by the workers (Malakahmad et 
al., 2012). The literature has shown that many industries such as construction, healthcare, and 
sewage treatment plants use OSHMS to mitigate hazards at their facilities (Yoon et al., 2013 
Malakahmad et al., 2012; Almost et al., 2018).  Organizations that adopt an OHSMS have a clear 
vision of health and safety goals, communicate these goals to their workforce, assess risk data, 
define corrective action more often, and exhibit improved attitudes towards employee 
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training (Almost et al., 2018). The literature has also proven that organizations that use 
OSHMS’s have had a reduction in workplace injuries in comparison to organizations that do not 
use OSHM’s (Yoon et al., 2012; Mohammadfam et al., 2017). The use of Occupational Health 
and Safety Management Systems could be a big asset to the health and safety of wastewater 
workers and ensuring that management focuses more on enforcing personal protective equipment 
compliance.   
Public health decision making depends on three types of knowledge: surveillance, 
scientific research, and lay experience (Choi, 2012). Public health surveillance is defined as the 
ongoing systematic collection, analysis, and interpretation of data, closely integrated with the 
dissemination of these data to the public health practitioners, clinicians, and policymakers 
responsible for preventing and controlling disease and injury (Richards et al., 2017). At the 
beginning stages of developing a surveillance program, a problem has to be identified and 
determined if it’s an issue that will affect the health of the public. Some of the common ways 
that public health surveillance systems gain their information are through health officials 
reporting diseases or syndromes, electronic health records, vital records, surveys, and registries 
(CDC, 2014). Presently, a national surveillance program for illnesses contracted from working in 
the wastewater industry is nonexistent. Registry information is crucial to the recognition and then 
planning for treatment, and prevention of occupational injuries and disease (Davoodi et al., 
2017). Once a registry is developed for workers in the wastewater industry, then stricter policies 
and regulations with respect to PPE need to be developed and implemented (Tanko et al., 2012).    
Currently, the National Institute of Occupational Safety and Health (NIOSH) conducts 
risk assessments on chemical hazards including carcinogens and non-carcinogens; physical 
hazards such as noise, radiation, musculoskeletal injury; and other hazards such as shift work 
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(NIOSH, 2017). A four-step process is used to conduct risk assessments which include: 
including: hazard identification, workplace exposure assessment, exposure- response assessment 
and workplace risk. NIOSH (2017) prioritizes the information for a risk assessment by 
evaluating the needs of key stakeholders and partners, (i.e., OSHA, CDC), evaluating the 
potential for worker exposure, and evaluating the available scientific information on the hazard 
and its associated injury or disease. More research is needed on the occupational exposures that 
wastewater workers encounter at their facilities. Once these hazards are identified, then risk 
assessments should be conducted. The information gathered from the risk assessments will 
educate employers about occupational safety hazards and how it is necessary to minimize 
exposure to these hazards. These measures can include elimination, substitution with less 
hazardous chemicals, engineering controls, and the use of personal protective equipment 
(NIOSH, 2017).  
  To develop stricter PPE regulations, a surveillance program, and an effective safety 
management system, there is a need for public health policy that focuses specifically on the 
wastewater industry.  An approach towards developing effective health policies is through the 
utilization of the Health in All Policies (HiAP) approach. Health in All Policies is an approach to 
public policies across sectors that systematically takes into account the health implications of 
decisions, seeks synergies, and avoids harmful health impacts to improve population health and 
health equity (WHO, 2014). To date, this approach has not been used to address issues with PPE 
compliance among employees in the various industries. HiAP recognizes that health is created by 
a variety of factors beyond healthcare and, in many cases, beyond traditional public health 
activities (CDC, 2016). The implementation of HiAP often requires policy coordination across 
multiple government levels or systems (e.g., national, state, regional, and local), as well as with 
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other systems outside of government that affect health equity (Shankardass et al., 2018). The six 
key components that need to be addressed to put the HiAP approach into action are as follows: 
establish the need and priorities for HiAP, frame planned action, identify supportive structures 
and processes, facilitate assessment and engagement, ensure monitoring, evaluation, and 
reporting, and build capacity (WHO, 2014). Health in All Policies builds on a long public health 
tradition of successful intersectoral collaboration, such as efforts to implement water 
fluoridation, reduce lead exposure, restrict tobacco use in workplaces and public spaces, improve 
sanitation and drinking water quality, reduce domestic violence and drunk driving, and requiring 
the use of seatbelts and child car seats (Rudolph et al., 2013). 
 On a more practical level, one of the fundamental principles of the HiAP approach is 
that it makes a possible prediction of the health consequences of different sectorial policies 
(Varis et al., 2014). One of the key tools used to determine the effectiveness or ineffectiveness of 
the development of a new policy is the Health Impact Assessment (HIA). The HIA is a tool that 
produces evidence-based recommendations to prospectively inform decision-making about 
proposed projects, plans, programs, and policies to maximize their positive and minimize their 
negative impacts on health (Haigh et al., 2015). Steps to conduct an HIA include screening to 
identify projects or policies for which an HIA would be useful; scoping to identify which health 
impacts should be assessed and which populations are affected; assessing the magnitude, 
direction, and certainty of health impacts; reporting of results to decisionmakers; 
and evaluating the impact of the HIA on the decision-making process (Dannenberg et al., 2006). 
Health impact assessments have been used around the world to resolve issues such as reducing 
air pollution in Europe (Kunzli et al., 2000), reducing safety-related risks at a construction site in 
Korea (Seo et al., 2008), enhancing health equity policies in Australia (Harris-Roxa et al., 2011), 
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environmental restoration and development in Puerto Rico (Sheffield et al., 2014), and 
estimating the impacts of transportation on health in the United States (Mueller et al., 2015). 
From examining the use of the HIA around the world it is clear that the HIA is necessary in the 
integration of policymaking in the health sector and that it is a contributing factor in many 
beneficial decisions that have been made (Varis et al., 2014). 
 The Health in All Policies approach illustrated above has significant components that 
allow this approach to be useful in various areas of public health. The primary focus  this 
approach is the ‘in all policies’ philosophy. HiAP embarks on including health concerns in all 
other policies that have or may have health implications and also seeks to specify a set of 
determinants and tools for this purpose (Varis et al., 2014).  From building on the key 
components outlined above, a ‘safety compliance in all policies’ (SCiAP) approach would be 
beneficial to the workers in the wastewater industry. Other researchers have also proposed 
similar health in all policies approaches such as Varis et al. (2014) with the Water in All Policies 
(WiAP) approach and Browne et al. (2016) with the Environment in All Policies (EiAP) 
approach. The SCiAP approach would focus on emphasizing the importance of complying to 
safety regulations for the workers in the wastewater industry. The SCiAP approach should 
collaborate with local and state governments to improve safety compliance policies before trying 
to impact safety compliance in this industry on the national level. The inclusion of health metrics 
in program and policy implementation, along with monitoring and evaluation is one way of 
incorporating health and equity considerations into the work of sectors outside public health 
(Rudolph et al., 2013). One solution that can be incorporated is the development of a surveillance 
system that keeps record of the injuries and occupational exposures that occur and of 
occupational diseases that develop in wastewater workers. Once this information is collected and 
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analyzed, then partnerships can be developed to improve safety compliance policies for the 
wastewater industry. Another solution that has proven to be effective in other industries, is 
adopting the OHSMS in wastewater industries to improve their safety management systems.  
In the context of much professional enthusiasm for HiAP, there has been relatively little 
evaluation, partly because HiAP is quite new and evaluation methodologies are not yet well-
formed (Browne et al., 2016). Using evidence in policy and decision- making can increase public 
accountability and ensure that the desired results are achieved by directing resources to programs 
that are proven to be effective and have no unintended consequences (Rudolph et al., 2013). The 
proposed SCiAP approach does not have any sufficient evidence on the potential impact it can 
have on the workers in the wastewater industry, but this approach is intended to bring more 
strategic thinking to the wastewater industry, emphasizing the need to actively promote the 
importance of safety compliance in the wastewater industry. After strategic planning, 
intersectoral collaboration, and development of a safety compliance policy, a HIA should be 
completed to determine its effect on the health of the workers in the wastewater industry.  
Evaluation is an essential part of any public health initiative, since it can demonstrate the 
impact and effectiveness of the program, promote continuous learning and improvement, help 
guide the evolution of the program, help determine the effective allocation of scarce resources 
and promote stakeholder engagement by seeking broad input (Rudolph et al., 2013). Even though 
this approach has not been implemented, hopefully, this study will serve as a point of reference 
for researchers and policymakers to focus on the seriousness of personal protective equipment 
compliance in the wastewater industry before adverse health effects develop among these 
workers. 
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Figure 2. Overview of Safety Compliance in All Policies (SCiAP) Approach 
Model adopted from South Australia’s HiAP Approach (Delany et al., 2015) 
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APPENDIX A 
 
 
 
Figure 3. Examples of Personal Protective Equipment mandated by OSHA (29 CFR 1910) 
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APPENDIX C 
 
INVITATION TO PARTICIPATE IN RESEARCH 
 
 
 
Dear Manager/Supervisor, 
My name is Tamara Wright and I am a Doctoral student at the Jiann-Ping Hsu College of Public 
Health at Georgia Southern University. I would like to invite you and your employees to 
participate in an interesting thesis research topic titled: Examining the Issue of Personal 
Protective Equipment Compliance Among Wastewater Workers in the Southeast Region of the 
United States. The research addresses employee beliefs about the use of Personal Protective 
Equipment (PPE) among wastewater workers. The information gained from this study will allow 
leaders to understand the importance of enforcing PPE compliance among wastewater workers, 
along with demonstrating the need to develop surveillance programs for occupational illnesses 
contracted from working in the wastewater industry 
 
Your participation is entirely voluntary, and you may choose, without negative consequences, 
not to participate. Your responses to this survey will be kept strictly confidential. This study has 
been reviewed and approved by the Georgia Southern University Institutional Review Board 
under tracking number H18301. 
 
However, we hope that the 20 minutes that it takes to complete this survey will help lead to new 
innovations to develop ways to better protect employees by use of personal protective equipment 
and reduce risks of occupational illness in the wastewater industry. 
If you have any questions or concerns about the study, please feel free to contact Tamara Wright 
at 478-954-6349, tw00528@georgiasouthern.edu or Dr. Adhikari at 912-478-2289, 
aadhikari@georgiasouthern.edu. You may also contact Georgia Southern University Institutional 
Review Board for answers to questions about subject’s rights at 912-478-5465 or via email at  
irb@georgiasouthern.edu. Thank you in advance for your participation. Your willingness to 
assist with this project is deeply appreciated. 
 
 
Sincerely, 
 
Tamara Wright 
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APPENDIX D 
EXAMPLE OF LETTER OF COOPERATION FOR GEORGIA PARTICIPANTS 
 
Agency Letterhead 
 
 
 
5/1/2018 
 
Human Subjects - Institutional Review Board 
Georgia Southern University 
P.O. Box 8005 
Statesboro, GA 30460 
 
To Whom It May Concern: 
 
Tamara Wright has requested permission to collect research data from employees at the (City Name) 
Wastewater Department through a project entitled: Examining the Issue of Compliance with Personal 
Protective Equipment Among Wastewater Workers in the Southeast Region of the United States.  I have 
been informed of the purposes of the study and the nature of the research procedures. I have also been 
given an opportunity to ask questions of the researcher. 
 
The data requested includes employee’s beliefs and practices on wearing personal protective equipment. 
The survey will be completely anonymous. The data will be collected by the researcher with participant’s 
ID numbers.  
 
As a representative of the (City Name) Wastewater Department, I am authorized to grant permission to 
have the researcher to recruit research participants and utilize data from the employees at our facility. 
Tamara Wright is also permitted to collect research data at our facility during business hours.   
 
The researcher has agreed to the following restrictions: no second contact for recruitment, will only meet 
respondents in designated room, and she will provide a copy of published results and conclusions.    
 
If you have any questions, please contact me at (Wastewater Dept Representative contact information). 
 
 
Sincerely, 
 
 
 
Wastewater Representative Name 
Wastewater Representative Job Title 
 
 
 
 
133 
 
 
APPENDIX E 
EXAMPLE OF LETTER OF COOPERATION FOR INTERNET PARTICIPANTS 
 
Agency Letterhead 
5/1/2018 
 
Human Subjects - Institutional Review Board 
Georgia Southern University 
P.O. Box 8005 
Statesboro, GA 30460 
 
To Whom It May Concern: 
 
Tamara Wright has requested permission to collect research data from employees at the (City Name) 
Wastewater Department through a project entitled: Examining the Issue of Compliance with Personal 
Protective Equipment Among Wastewater Workers in the Southeast Region of the United States.  I have 
been informed of the purposes of the study and the nature of the research procedures. I have also been 
given an opportunity to ask questions of the researcher. 
 
The data requested includes employee’s beliefs and practices on wearing personal protective equipment. 
The survey will be completely anonymous. The data will be collected by the researcher with participant’s 
ID numbers.  
 
As a representative of the (City Name) Wastewater Department, I am authorized to grant permission to 
have the researcher to recruit research participants and utilize data from the employees at our facility. I 
understand that she will send the link to the survey to me, and I will distribute the link to the respondents. 
 
The researcher has agreed to the following restrictions: no second contact for recruitment, will only send 
the link to survey to the (Wastewater Facility Representative) and she will provide a copy of published 
results and conclusions.    
 
If you have any questions, please contact me at (Wastewater Facility Representative Contact Information) 
 
Sincerely, 
 
 
 
 
Name of Wastewater Representative 
Wastewater Representative Job Title  
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APPENDIX F 
EXAMPLE OF FLYER INVITATION TO PARTICIPATE IN RESEARCH 
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APPENDIX G 
INFORMED CONSENT 
 
 
 
 
Dear Survey Participant,  
 
My name is Tamara Wright and I am a Doctoral student at the Jiann-Ping Hsu College of Public 
Health at Georgia Southern University. You are invited to participate in a research study titled: 
Examining the Issue of Personal Protective Equipment Compliance Among Wastewater Workers in 
the Southeast Region of the United States. This research will assess wastewater worker’s knowledge 
and beliefs about the use of Personal Protective Equipment (PPE). Conducting this research is 
required in partial fulfillment of the requirements for the degree of Doctor of Public Health at 
Georgia Southern University. This study has been approved by the manager at this facility, who has 
also approved the designated time for this survey. This survey is NOT an audit, and you will not get 
reprimanded for honestly answering questions regarding your beliefs and practices on wearing PPE. 
Your responses to this survey will be kept strictly confidential. Your participation in this research is 
entirely voluntary and you may choose, without negative consequences, not to participate. 
 
Do not put your name on the survey. Your confidentiality as a participant in this study will remain 
completely secure. The list decoding the ID numbers to participant will be kept in a locked filing 
cabinet for a minimum of three years following completion of the study and the identity of the 
participants will not be disclosed in any publications or reports generated from this study. Subsequent 
uses of records and data will be subject to standard data use policies which protect the anonymity of 
individuals and institutions. Databases will be maintained in a password protected secure system. 
Access to initials of the participants and any data involved in this research will be limited to the 
Principal Investigator (Tamara Wright) and the Co-Investigator (Dr. Adhikari). 
 
 
You will be directly involved in this study only to participate in the survey and we believe no 
significant risks exist for the participants. Participants may become self-aware of their non-
compliance to wearing personal protective equipment after reading some of the survey questions. 
 
You must be 18 years of older of age to participate in this research study. You will be given a copy 
of this consent form to keep for your records. This study has been reviewed and approved by Georgia 
Southern University Review Board under tracking number H18301. 
 
We realize that your time is valuable. However, we hope that the 20 minutes that it takes to complete 
this survey will help lead to new innovations to develop ways to better protect employees by use of 
personal protective equipment and reduce risks of occupational illness. By returning this completed 
survey, you are giving your consent to participate. 
 
If you have any questions or concerns about the study, please feel free to contact Tamara Wright at 
478-954-6349, tw00528@georgiasouthern.edu or Dr. Adhikari at 912-478-2289, 
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aadhikari@georgiasouthern.edu. You may also contact Georgia Southern University Institutional 
Review Board for answers to questions about subject’s rights at 912-478-5465 or via email at  
irb@georgiasouthern.edu. Thank you in advance for your participation. Your willingness to assist 
with this project is deeply appreciated. 
 
Sincerely, 
 
Tamara Wright 
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APPENDIX H 
SURVEY INSTRUMENT 
 
 
j 
 
          SURVEY ON PPE COMPLIANCE AMONG WASTEWATER WORKERS 
 
 
 
 
 
 
 
 
       
 
 
 
 
 
 
    
 
   Subject Identification Number: 
 
         
        Current Job Title: ________________________________________________________ 
 
 Wastewater Certifications: _________________________________________________ 
          
          Date:  _____/_____/__________ 
              Month     Day         Year 
 
 
GENERAL TIPS BEFORE YOU START 
 
➢ This survey will ask you mainly about your beliefs and your health. 
 
➢ Read the whole question before making an answer. 
 
➢ Try to answer all questions. 
 
➢ Remember, the survey is completely anonymous. 
 
➢ Once again, this survey is NOT an audit, and you will NOT get reprimanded for honestly 
answering questions regarding your beliefs and practices on wearing PPE 
The purpose of this survey is to assess wastewater worker beliefs about occupational illness and the 
personal protective equipment they wear at work.  
Examples of personal protective equipment are ear plugs and ear muffs, respirators, chemical 
resistant gloves, face shields, safety glasses, chemical resistant aprons, and regular overalls just to 
name a few. 
Occupational illness can be defined as a condition that results from exposure in a workplace to a 
physical, chemical, or biological agent to the extent that the health of the worker is impaired. 
Examples of occupational illness include hearing loss from exposure to loud noise, respiratory 
illnesses or development of cancer from exposure to dust or chemicals and contracting viruses such 
as HIV and Hepatitis from handling sewage water. 
The completing of the survey is voluntary and the results are anonymous. Completing or not 
completing the survey has no effect on the respondent’s employment, and completing the survey 
means the subject agrees to have their responses included in the study. 
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Please circle yes or no or place a check mark next to each response to each question that 
corresponds with your own personal beliefs and knowledge 
 
1) Do you wear personal protective equipment every time you are at work?  
 
                                            Yes         or         No 
     
 
 If yes, which of the following personal protective equipment are mandatory for you to use: 
 
 
Other__________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hard Hat  Work suit/coveralls  
Safety Goggles  Ear muffs/ear plugs  
Gloves  Safety Shoes (Rubber/Steel 
Toed 
 
Respirators/Face mask  None of the Above  
SECTION I: OCCUPATIONAL HAZARDS AND PPE KNOWLEDGE 
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2) Do you know there are occupational exposures/events at your facility that can cause 
injuries or harm to your health and/or the health of your fellow workers?  
                                                    
                                                      Yes       or        No 
  
      
      If yes, which of the following occupational exposures do you know can cause   
injuries or harm to your health and/or the heath of your fellow workers? 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Other__________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
Blood-borne pathogens (Hepatitis B, HIV)  
Vector Borne Diseases (From mosquitoes, ticks)  
Needles  
Abrasions (Minor Cuts, Open-wounds, Scrapes)  
Chemical hazards (Chlorine, Ammonia, Sodium 
Bisulfite)  
 
Chronic poisoning (inhalation)  
Respiratory Issues (Dust, Bio-Aerosols, Gases)  
Confined Space (Lack of Oxygen)  
Musculoskeletal injuries (Pain in the joints, 
muscles and ligaments from repetitive movement) 
 
Burns by steam or hot vapors  
Slips and Falls  
Electrical Shock  
Fires and explosions (methane, hydrogen sulfide)  
Exposure to Excessive Noise Levels  
Exposure to UV radiation  
Discomfort and psychological problems (PPE 
use, bad smells) 
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Circle the number that corresponds most closely to your level of agreement with each 
statement. 
 
PERCEIVED SUSCEPTIBILITY 
 
1. I believe my chances of developing an occupational illness are great. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
2. I worry about getting an occupational illness. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
3. I feel that I have a good chance of getting an occupational illness in my career. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
4. I know people in this career field who got an occupational illness. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
5. Small exposures to chemicals, viruses or noise won’t lead me to an illness. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
6. I can prevent an occupational illness. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
 
 
 
 
 
 
SECTION II: HEALTH BELIEF MODEL CONSTRUCTS 
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PERCEIVED SEVERITY 
 
7. The thought of getting an occupational illness deeply concerns me. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
8. If I developed an occupational illness, my career would be in jeopardy. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
9. Problems I would experience from an occupational illness would last a long time. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
10.   An occupational illness will not lead to permanent changes in my health. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
11.   My financial security would be endangered if I developed an occupational illness. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
12.   I believe I could die prematurely if I developed an occupational illness. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
13.   I am afraid to even think about getting an occupational illness. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
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PERCEIVED BENEFITS 
 
14.  Wearing personal protective equipment will prevent future health problems for me. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
15.  Personal protective equipment prevents exposure to the kinds of hazards I am 
around on the job. 
 
 Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
16.  I don’t worry about getting an occupational illness when I use personal protective 
equipment. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
17.  I benefit by wearing personal protective equipment. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
PERCEIVED BARRIERS 
 
18.  Wearing personal protective equipment is uncomfortable. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
19.  Personal protective equipment interferes with my ability to do the job. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
20.  Personal protective equipment is not always available to me. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
21.  My coworkers would make fun of me for wearing personal protective equipment. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
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22.  My supervisor seldom wears personal protective equipment when required. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
23.  My supervisor is aware of my compliance with personal protective equipment 
guidelines. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
24.  I would need to develop a new habit for wearing personal protective equipment, 
and this is difficult. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
25.  Wearing personal protective equipment is just too inconvenient for me. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
CUES TO ACTION 
 
26.  A reminder from my supervisor every day would be important to my wear of 
personal protective equipment. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
27.  My supervisor checking on me would improve my wear of personal protective 
equipment. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
28.  The fact that OSHA could fine me or my employer for NOT wearing personal 
protective equipment is important. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
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29.  Posters in my facility would serve as important reminders to wear personal 
protective equipment. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
30.  The threat of disciplinary action is an important factor in ensuring I wear personal 
protective equipment. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
31.  Having personal protective equipment at the location of the hazard is critical to 
making sure I wear it. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
32.  If I see others wearing personal protective equipment in my area, then it reminds 
me to use it. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
33.  Regular and frequent education on the importance of personal protective 
equipment serves to improve how often I wear it. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
34.  My supervisor sets the example on wearing personal protective equipment when 
exposed to hazards. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
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SELF-EFFICACY 
 
35.  I am confident that I will remember to use personal protective equipment when I 
am exposed to hazards at work. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
36.  I am confident that I can obtain the proper personal protective equipment when I 
am exposed to hazards at work. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
37.  I am confident that my job performance will NOT be impacted by wearing personal 
protective equipment. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
38.  I am confident that the personal protective equipment I use when I am exposed to 
hazards at work is the proper equipment to protect me. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
 
39.  I am confident that after wearing the proper personal protective equipment 
throughout my career will prevent me from getting an occupational illness. 
 
Strongly Disagree    Disagree      Neither Agree or Disagree      Agree      Strongly Agree 
            1                          2                              3                                4                      5 
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These questions pertain only to SUPERVISORS & MANAGERS at this facility. If you are 
NOT a SUPERVISOR OR MANAGER, then please skip to SECTION IV below. If you are 
a SUPERVISOR OR MANAGER, then please circle the number that corresponds most 
closely to the extent of your level of agreement with each statement.  
 
40. How often do you enforce wearing personal protective equipment? 
 
         Never                  Rarely             Sometimes            Very Often             Always 
            1                          2                         3                        4                            5 
 
41. How often do you set the example on wearing personal protective equipment when 
being exposed to hazards? 
 
         Never                  Rarely             Sometimes            Very Often             Always 
            1                          2                         3                        4                            5 
 
42. How often are you aware of your employees’ compliance to personal protective 
equipment? 
 
         Never                  Rarely             Sometimes            Very Often             Always 
            1                          2                         3                        4                            5 
 
43. How often do you threaten disciplinary action if personal protective equipment 
regulations are not followed? 
 
         Never                  Rarely             Sometimes            Very Often             Always 
            1                          2                         3                        4                            5 
 
 
44. How often do you ensure that personal protective equipment is available for your 
employees? 
 
         Never                  Rarely             Sometimes            Very Often             Always 
            1                          2                         3                        4                            5 
 
45. How often do you provide regular and frequent education on the importance of 
personal protective equipment? 
 
         Never                  Rarely             Sometimes            Very Often             Always 
            1                          2                         3                        4                            5 
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Please circle all that applies, and as with the previous conditions, everything will remain 
confidential. 
 
Current age: 
 
18-25      26-30      31-35       36-40       41-45       46-50      51-55      56-60       >60 
 
 
Gender:                Male                 Female          Other ________________________ 
 
 
Total time in the wastewater industry: 
 
Less than year     1-5 years    6-10 years    11-15 years   16-20 years     over 20 years 
 
 
What type of training on Personal Protective Equipment have you done during your 
career? (circle all that apply) 
 
Familiarization training 
 
Basic safety training 
 
Hazard Communication Training 
 
Supervisor safety training 
 
Advanced personal protective training (OSHA courses, manufacturer courses, etc.) 
 
 
 
 
 
 
 
THANK YOU FOR YOUR TIME! 
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